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TO  HER 
ILQYAL  HIGHNESS, 


T  H  t 


PRINCESS  ROYAL. 


Madam, 

,"T  ^EO.|W,np\flSio^  to  ^xprefs  my  grateful 
.A  fenfe,of,the  IjpnQurYour  Rpyal  Highnefs 
(1^  .i^piiferr^d  on  ine,  in  permitting  thefe 
VQlu^es  to  ^.infcribed.witli  Your  Illullrious 
"N«me. 

.  I  moil ;  humbly  prefent  them  to  Your 
notice ;  and  am  enabled  to  do  this  with  the 
^neat^r  <fpn^dence^  from  the  nature  of  the  fub- 
jeft,.  rather  than  from  the  manner  of  the  exc* 
^C|itipn«  Every  day's  obfervation  has  pointed 
out  the  boundlels  wifdom  in  the  one^  and  the 
-|k^tial  knowledge  in  the  other* 

a  2  Thef^ 
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Thefe  Leflurcs  are  intended  as  a  difplay 
of  the  divine  goodnefs,  wifdora,  power,  and 
order,  manifefted  in  the  works  of  creation. 
The  knowledge  of  fiich  works  will  prove  no 
mean  commentary  on  the  all  perfect 
WORD  OFLiFE,  no  fecblc  afliftancc  to  praife 
and  adore  the  author  of  every  blefling. 
Such  praftical  knowledge  fopms  the  true 
riches  of  the  human  mind,  raifcs  man  in  the 
fcale  of  intelligent  beings,  and  may  defervedly 
claim  attention  from  thofe  who  are  moft  ele- 
vated in  rank,  and  moft  amiable  ip  dilpo- 
fition! 

Mn  tfihe  philofophy  Your  Royal  Highnefe 
will  difcover  that '/there  is  nothing  to  be 
feared;  it  will  always  be  found  the  firm  friend 
of  religion  and  ordeh  It  does  not  degrade 
the  beft  expeftations  of  man,  by  derivirig  them 
from  ignorance  .  and  fuperftitipn,  or  by 
queilioning  the  bein,g  and  goodness  of  Him 
who  governs  all :  it  does  not  undermine  or 
afTault  the  fair  ftrufture  and  mutual  depend- 
ance  of  civil  fociety,  by  infuGng  the  fpirit  of 
ambitious  difcontent,  and  introducing  the 
principles  of  levelling  equality. 

May 


Digitized  byCjOOQlC 


J 


DEDICATION.  V 

May  health  and  happinefs  be  Your  High- 
nefs*s  portion  in  time,  preparatory  to  the 
fuller  bleflings  of  eternity :  may  You  fee  Your 
Honoured  Father's  extenfive  and  extending 
realms  flourifhing  in  profperity  and  peace, 
neither  feduced  by  falfe  philofophy,  nor  con- 
vulfed  by  democratic  violence. 

I  am,  with  the  greateft  refped. 
Madam, 

Your  Royal  Highnefs's 
Moft  obliged. 

And  moft  humble  Servant, 


GEORGE  ADAMS. 
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PREFACE. 


THE  plan  of  this  work  firft  occurred  to 
me  about  twenty-five  years  ago ;  I  Was ' 
then  for  a  ftiort  time  in  France  and  Switzer- 
land, an  eye-witnefs  to  the  zeal  and  induflry 
with  which  principles  were  there  propagated 
under  the  veil  of  philofophy,  that  ar6  fub- 
verfive  of  all  order  and  religion.    I  obferved , 
that  philofophical  focieties  were  formed  and, 
forming  to  extend  the  influence,  and  fd  aug- 
ment the  importance  of  writings  direftly  op- 
pofed  to  divine  revelation.  * 

It  was  evident  from  the  works  of  thefe 
pretenders  to  philofophy,  that  they  invejiigated 
nature  only  with  a  view  to  darken  the  mind, 
and  prevent  mankind  from  confidering  any 
thinsf  as  real,  but  what  the  hand  could  grafp, 
or  the  corporeal  eye  perceive.  For  you  find 
them  continually  embracing  every  opportunity 
to  ridicule  our  belief  in  Mofes  and  the  pro- 
phets, and  cenfuring  us  for  admitting  the  evi- 
dences, or  believing  the  truths  of  revelation  ; 
though  it  is  a  revelation  which  juftifies  itfelf 
from  the  creation  of  the  world,  which  declares 
every  tn^y^^jigt  a  wife  man  would  wifh  to  hear ; 

a  4  though 
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though  it  is  fupported  by  divine  authority^ 
and  confirmed  by  all  the  aflurances  that 
human  teftimony  can  afford,  or  the  rational 
mind  require. 

Alarnied  at  what  I  faw,  and  what  I  read, 
it  appeared  to  me  of  the  utmoft  importance  to 
contrive  means  effeftually  to  repel  notions  fo 
pernicious  to  mankind,  and  fo  repugnant  to 
truth.     1  conceived  that  the  bed  method  of 
defeating  their  deftrudive  purpofes,  and    de- 
priving them  of  their  baneful  influence,  would 
be  by  fhewing  that  they  were  neither  friends  to 
philofophy,  nor  had  any  right  to  the  title  of 
philofophers  ;  that  this  end  would  be  anfwer- 
ed  by  exhibiting  a  fyftem  of  philofophy,  which 
fhould  point  out  tneir  errors,  ana  fnew  that 
no  operation  in   nature  would  authorize  the 
conclufions  that  they  had  attempted  to  deduce ; 
that  pkyjics,  properly  ijnderftood,  would  ever 
go  hand  in  hand  with  religion,    and  all  it's 
branches  converge  in  God,  the  center  of  all 
truth,  the  fource  of  all  perfedion. 

.   With    thefe    views,  I  began   to  colledt 
materials  for  fuch  a  work.     But  on  my  return 
to  England  the  tenets  of  thefe  men  and  their 
praftices  being  removed  from  my  view,  I  laid 
afide  the  defign,  nor  did  I  think  of  refuming 
it,  till  I  faw  tne  attempts  that  were  made  here 
to  propagate  the  fame  principles  by  the  fame 
means ;  till  I  faw  a  philofophical  fociety  pub- 
lifliing  trafts  hoftile  to  good  order,  and  tne  beft 
intereds  of    mankind ;   till  I   had   reafon  to 
think  that  men  -were  pen/ioned  by  republicans, 
and  brought  forward  in  various  fituations  tq 

give 
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give  credit  to  their  party ;  till  it  was  pub- 
licly avowed,  that  the  men  who  were  puHujng 
here  the  fchemes  that  have  made  France  a 
fcene  of  ruin  and  defolation,  ^*  were  known 
to  be  philofophers,  and  friends  of  humanity, 
Juperior  to  the  creed  of  any  fed,  and  indiffer- 
ent to  'the  dogmas  of  any  popular  faith."  It 
was  then  high  tin>e  to  fhew,  that  true  philofo- 
phy  was  no  friend  to  their  principles;  for  in  a 
foroper  fenfe,  it  impHes  a  love  of  wifdom;  and 
It's  end  is  to  promote  truth,  and  difleminate 
happinefs ;  whereas  modern  philofophers  make 
it  the  ornament  of  folly,  the  badge  of  infidelity, 
the  road  to  anarchy  and  rebellion. 

To  anfwer  thefe  great  purpofes,  I  refumcd 
my  plan,  and  have  endeavoured  to  n  ruler  the 
ufeful  and  important  truths  dilcoxen  d  by  na- 
tural and  experimental  philofophy  familiar 
and  eafy ;  to  bring  together  that  knowledge 
which  is  difperfed  m  many  volumes ;  and  to 
concenter  in  one  work  thejabours  of  the  wife 
men  of  different  countries  and  ages. 

It  has  been  my  intention  to  render  this 
work  a  fource  of  ufeful  and  aftive  entertain- 
ment to  young 'perfons ;  and  at  the  lame  time 
that  it  opened  their  minds  to  enlarged  views 
of  nature,  and  the  univerfe,  it  fhould  point 
out  the  true  methods  of  reafoning  in  philofo- 
phy, and  teach  them  to  diflinguifh  what  is 
found  and  folid  therein,  from  what  is  hollow 
and  vain ;  that  it  fhould  lead  them,  from  a 
confideration  of  the  works  of  God,  to  ac- 
knowledge and  reverence  his  power,  wifdom, 
and  goodnefs  ;  and  prove  that  natural  philo- 
fophy 
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foph^  affords  no  fupport  to  the  wretched 
iyftem  of  matcrialifm,  but  concurs  with  re- 
ligion in  endeavouring  to  enlighten  the  mind, 
to  comfort  the  heart,  to  eftabHfli  the  welfare 
of  fociety,  and  promote  the  love  of  order. 

I  wiflied  to  to  execute  this  work,  that 
while  on  the  one  hand  it  inftrufted  thofe  who 
know  nothing  of  thefe  delightful  fciences,  it 
might  on  the  other  not  be  ulelefs  to  thofe  who 
are  more  convcrfant  in  them,  by  prefenting 
the  fubjeft  in  a  point  of  view  in  which  it  has 
been  feldom  noticed  by  other  authors,  and 
t)reating  of  fome  branches  that  have  been  alto- 
gether neglefted  by  the  writers  on  natural 
philofophy.  Whether  I  have  been  fo  happy 
as  to  (ucceed  in  my  defigns ;  whether  I  have 
been  able  to  place  tnefe  fubjefls  in  a  clear  and 
plain  light,  and  thus  open  a  wider  gate  to  the 
lair  field  of  knowledge,  muft  be  left  to  the 
decifion  of  an  intelligent  public. 

For  my  own  part  I  can  fay,  that  I  have 
endeavoured  by  every  labour  of  inquiry,  and 
induflry  of  refearch,  by  arrangement  and  me- 
thod, to  convey  in  a  clear  and  confpicuous 
manner  a  general  knowledge  of  the  ftupen- 
dous  operations  that  are  carrying  on  in  nature. 
The  fubjeft  is  indeed  fometimes  varied  by 
digreffion,  and  the  reader  is  now  and  then 
carried  back  into  ancient  days;  but  this  is 
never  done  but  with  a  View  of  conveying  fur- 
ther inftruftion,  or  rendering  the  fubjeft  more 
obvious.  Some  repetitions  will  alfo  be  found, 
but  feldom  except  where  a  clearer  explanation 
1  occurred 
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occurred,  or  a  further  application   is  pur* 
fued. 

If  any  juftification  be  neceffary  for  treat- 
ing of  divine  matters  in  phyfical  books,  it 
may  be  vindicated  by  the  examples  of  the  firft 
ana  wifeft  men  the  world  ever  produced: 
among  thefe  our  great  Newton*  who  held  it 
proper  to  treat  of  God  and  his  attributes  in 
natural  philofophy.  "  And  every  wife  and' 
,  good  man  muft  wi(h  to  fee  the  relation  be- 
tween divinity  and  philofophy  farther  opened 
and  better  eftabliflied." 

As  I  do  not  wifti  to  incur  the  charge  of 
pladarifm,  with  pleafure  I  acknowledge  the 
afmtance  I  have  received  from  different  authors. 
As  I  have  ufedan  unreferved  freedom  infeleft- 
ing  from  their  works  whatever  would  anfwer 
my  purpofe,  I  have  fubjoined  a  hft  of  the 
principal  fources  of  my  own  knowledge. 
To  the  Rev.  Mr.  William  Jones,  F.  R.  S.  I  am 
particularly  indebted  ;  his  capacious  mind  and 
aftive  powers  grafp  with  no  common  energy 
every  branch  of  fcience ;  and  there  are  few 
that  he  has  not  enriched  by  novehy  of  obferva- 
tion,  or  illuftrated  by  perfpicuity  of  manner. 
To  Mr.  de  Luc,  F.  R.  S.  &c.  I  am  alfo  under 
great  obligations ;  his  works  have  been  long 
known  and  highly  efteemed,  and  will  continue 
fo  as  long  as  found  reafoning  and  phyfical  logic 
have  any  claims  to  the  attention  oi  mankincj. 

If 

*  Ethacc  dela^^^Htep  utique  ex  phaenotnenis  dilFer- 
";>lbpaH^M|^^hwalcm  pertinet.  Newt,  f  nci# 
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If  my  health  permits,  at  fome  future  (and 
diftant)  period,  I  mean  to  prefent  my  country- 
men with  an  abridgment  of  his  works,  par-r 
ticularly  thofe  parts  which  have  relation  to  the 
fyftem  of  Mr.  le  Sage.  1  hefe  gentlemen  as 
authors  are  not  the  only  perfons  to  whom  I 
am  indebted;  1  owe  many  obligations  lo  my 
friend  the  Rev.  Mr.  Agutta^,  M.  A.  far  fome 
valuable  communications^  and  much  kind 
affiftance. 

Confcious  that  my  intentions  have  been 
Cncere,  to  advance  fcience,  to  promote  truth, 
happinefs,  order,   and   peace;  I    may  expe6l 
fome  approbation  from  thole  I  wifh  to  inftruft, 
and    may    hope    for  fome   indulgence  from 
thofe  who  are  peculiarly  converfant  in  thefe 
fubjefts.     The  wifer  men  are,  the  more  can- 
did they  become,   and  the  lefs  apology   will 
they    require  for  my  imperfeftions  or  over- 
fights  as  a  writer  and   philofopher.     I  may 
not  have   enjoyed   thofe  advantages  of  edu- 
cation which  others  poflefs ;  I  could  not  pof- 
fibly  rppeat  every  experiment  which  is  liere 
noted.    During  the  compofition  of  thefe  Lee* 
lures   I  have   had   to  attend  to  the  grateful  ^ 
calls  of  daily    bufinefs,    and    have  flruggled 
with  much  weaknels  and  languor.     The  ideas 
of  mental   perfeftiqn  are  feldom  if  ever  rea- 
lized.    The  author  is  often  the  firlt  to  obferve 
how    much    is   deficient.     1    do  not  pretend 
^to    be    indifferent    to    the  judgment    or  the 
approbation  of  the  public  regarding  a  work 
which  has  coft  me  much  thought,  tune,  and 

ex  pent  e^ 
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cxpence.  I  think  I  may  fafely  recommend 
it  to  the  youth  of  both  fexes,  particularly  to 
thofe  who  are  delighted  and  improved  with  the 
Reflections  of  Sturm :  they  will  here  find,  that 
the  fame  fuDJe6ls  are  in  a  great  meafure  conti* 
nued  and  enlarged,  but  I  truft  Mrith  this  ad- 
vantage, that  tney  are  placed  on  their  phi- 
lofophical  and  mathematical  foundation,  are 
connefted  with  other  parts  of  the  univerfal 
fyftem,  are  arranged  in  general  and  peffpi- 
cuous  order,  and  may  be  conducive  to  fur- 
ther difcoveries,  and  more  accurate  invefti- 
gations  of  nature. 

To  render  this  work  more  ufeful,  I  have 
added  a  copious  index,  and  references  to 
the  figures  of  the  plates.  The  references  to 
the  figures  of  Vol.  i  and  2,  are  at  the  end 
of  their  refpeftive  volumes.  The  references 
for  Vol.  3  and  4,  are  at  the  end  of  the  4th 
volume.  The  index  and  plates  conflitute  a 
fifth  volume. 
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Page  13,  Imc  21,  after  equal,  infcrt  in  volume.  P.  15,  L24f 
for  (I)  read  (d).  P.  18,  1.  9,  for  hail  read  rain.  P.  97,  h  28, 
for  pi.  3  read  pi.  4.  P.  231, 1. 10,  /<?r  bliftord  read  biifterecL 
P*  965.  1-  82>  deUfrom  Therefor^  ^a  depend.  P.  381, 1.  i^fjor 
is^  read  it. 

VOL.  n. 

p.  13, 1.  20,  rwrf  of  the  new ;  in  the  fame  lint  read  emiflion  of 
the.      P.  60,  1.  16,  for  leads  read  lead.      P.  72,  1.  3,  for  filled 
redd  fitted.     P.  75,  1.  1,  /<?r  pifton  read  fri£Uon.     P.  76,  1. 18, 
for  <oiiAttAoTi  :read  condenfation.     P.  ioo»  1.  3,  jor  lending, 
'Tiod  lends.    P«rS49,  1.  2,  dele  is.     P.  180,  1.  i^for  fig.  is,  pi.  2, 
^read  fig.  2,  pi.  2.     P.  194, 1.  8,/;r  fig.  15  rdo^  fig.  15*.     P.  306, 
).'  i2y  fof  (bint,  reoi^ joint.      P.  286,- 1. 18,  for  fig.  1  read  fig.  lo* 
-pt.  3.     P.890, 1- i5,/(7r  fig.  1 1  rw^  fig.  14,  pi.  7.     P.  485,  L  6, 
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P.502y  1.7,  fii/^fig.9»  pi.  3. 
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LEdTi^ItE   L 

ti  E  cdrtieftnef^  of  your  wi{hes>  to  knOw  th^ 


I  nature  and  ufe  of  the  various  articles  now 
"*•  lying  upon  the  table  before  you,  and  which 
have  bien  pufchafed  for  your  aniufement  and  in- 
ftnidion,  gives  me  great  pleafure^  not  only  as  it 
infurcs  trie  your  attention^  but  as  it  affords  me  an 
opportunity  of  faying  a  word  or  two  on  a  fubjcil  ill 
which  you  are  highly  interefted*  It  is,  to  encpu-i 
rage  you  to  be  ofteil  aiking  quellions,  and  in« 
quiring  into  the  ufe  of  the  things  that  are 
continually  prefenting  themfelves  for  obfervation. 
If  you  fuffered  no  fubjecft,  whether  of  bufinefs  or 
amufement,  to  pafs  by  without  inquiring  into  the 
ufe  or  advantage  it  would  be  of,  either  to  yourfel ves 
or  companions,  you  would  acquire  a  habit  of  at- 
tention, you  would  awaken  curiofity,  and  excite  a 
Ipirit  of  inquiry;  but  above  all  you  would  ftrcpg- 
thcn  your  uiylerftanding,  and  learn  rightly  to  elU-p 
mate  the  worth  and  value  of  things. 
Vol.  I,  B  Y« 
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You  may  lay  it  down  as  a  maxim,  that  as  the 
cflence  of  folly  confifts  in  an  entire  want  of  judg~ 
ment,  in  an  ignorance  of  the  true  value  of  things, 
forthe  eflence  of  wifiiom  and  knowledge  muft  con- 
fift  in  the  excellency  of  your  judgment,  or  in  the 
juftnefs  of  your  knowledge  of  the  wonh  and  value 
of  things.  He  who  knows  moil  of  the  value  of  the 
beft  things,  and  who  forms  the  beft  judgment  of 
the  things  which  are  of  the  moft  concern  to  him, 
has  the  higheft  wifdom,  and  will  be  the  happieft 
Inan.'  By  habituating  yourfelves  toapradice  con- 
formable to  this  maxim,  you  will  be  prevented 
from  taking  any  delight  in  thofe  things  which  dc- 
bafe  the  mind,  and  are  contrary  to  reafon.  You 
will  not  feek  happinefs  where  it  is  not  to  be  found, 
becaufe  you  will  know  that  it  is  a  treafure  hidden 
within  you,  and  that  you  riiay.  always  enjoy  by  a 
proper  regulation  of  your  tempers  and  conduct. 

The  eagernefs  with  which  you  defire  to  know 
the  ufe  of  this  apparatus  will  be  confiderably  height- 
ened, when  I  acquaint  you  with  the  puipofes  for 
which  it  is  defigned.  It  is  intended  to  introduce 
you  to  natural  philofophy,  to  enrich  your  minds 
with  the  knowledge  acquired  by  the  labours  of  the 
great  and  wife  men  who  lived  before  you,  to  make 
you  acquainted  with  the  fcenery  of  nature,  the 
ways  and  means  made  ufe  of  by  the  great  author 
and  fupporter  of  your  being  and  mine,  in  pro- 
ducing thofe  wonderful  appearances  you  fee  in  t^e 
air,  the  changes  you  obfcrvc  in  the  feafons,  the 
nature  of  the  air  you  breathe,  and  the  fire  which 
animates  your  frame.  But  this  apparatus  is  not 
confined  merely  to  an  explanation  of  the^ operations 
of  God  in  nature;  it  will  inftrudt  you  alfo  in  the 
wifdom  he  has  communicated  to  man>  and  (hew 
you  the  nature  of  thofe  engines  which  they  have 
"contrived,  the  adlion  of  that  ufeful  inftrument  the 
common  pump  will  be  explained,  and  you  will 

icarn 
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Icaro  to  know  when  they  ar^  well  or  ill  conftruded. 
You  will  comprehend  the  properties  and  princi^e? 
of  the  fteam  engine^  whofe  operations  have  fo  often 
excited  your  admiration;  it  will  be  too  tedious  tq 
enumprate  all  the  advantages  you  may  acquire  from 
this  apparatus.  Let  me  aflfure  you  that  explaining 
them  to  your  companions^  and  performing  the 
operations  yourfelves,  will  not  be  one  of  the  leaft, 
for  by  thus  exerting  tjie  faculties  of  body  and  mind^ 
both  will  be  ftrengthened  and  improved. 

From  natural  philofophy  you  will  learn  that  the 
Creation  is  but  an  image  or  pi6ture  of  the  divine 
perfe<flionj  and  therefore  bears  a  charader  of  hi^ 
infinity  and  immepfity :  that  this  fmall  part  of  it 
which  we  inhabit^  is  but  a  point  in  comparifon  of 
the  folar  fyftem:  that  the  folar  fyftem  is  but  % 
point  in  comparifon  of  the  vajft  regions  of  the  fixe4 
(tars:  that  tnefe  &iperior  regions  themfelves  are 
but  a  point  in  cojoaparifon  of  the  innumerable 
v<M-lds  that  lie  perhaps  hid  in  the  bofom  of  im- 
meniity:  that  in  this  point  which  we  inhabit,  we 
know  ouly  fome  fupcrficial  qualities  and  properties 
of  nature:  that,  as  Sir  Isaac  Newton  faid,  all  the 
dsjcaveries  mortals  can  makcj  are  like  thofe  of  a 
child  xipon  the  borders  of  the  fea,  who  has  only 
broken  fofoe  pebbles^  and  opened  fome  ihells,  xm 
fee  what  is  in  themj  while  there  lies  beyond  him  a 
boundlefs  ocean,  of  which  he  has  no  ideas:  that 
we  can  never  be  true  philoibphers  tilji  we  fee  thf 
AUTHOR  of  nature  face  to  face;  compare  the  pic- 
tures with  their  original;  and  know,  by  diredt  in- 
tuition, their  mutual  relation  and  refemblances. 
Lord  Bacon  terms  naturstl  philofophy,  the  great 
mother  of  the  fciences,*  for  neither  the  arts  of 
fpcech,  logic,  medicine^  civil' policy,  morality, 
rdigion,  &c.  can  be  advantageouily  exercifed,  im- 
B  2  proved,. 

*  Shaw's  Bacon,  vol.  2,  page  376* 
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proved,  underftood,  or  inftituted  without  it,  and  all 
the  mechanical  fciences  depend  upon  it^ 

As  you  are  now  going  to  engage  in  the  ftudy  of 
one  of  the  branches  of  natural  philofophy,  a  Ihort 
hiltory  of  the  origin  of  the  word  itfelf  cannot  but 
prove  acceptable.  When  Pythagoras,  of  whom 
you .  have  already  heard  much^  had  completed  the 
great  tour  of  fcience,  and  ftorcd  his  mind  with  all 
the  hidden  treafures  of  oriental  knowledge^  he  pre- 
fented  himfelf  for  the  firft  time  to  the  admiring 
eyes  of  Greece,  alTemblcd  at  the  Olympic  games* 

"  A  fpcdlacle  no  doubt  it  was  for  univerfal  ad-* 
miration  and  refpedt;  anunderftandingfoenrichedj 
and  full  in  meridian  vigour,  was  an  objed:  that  his 
cotemporaries  might  look  at  with  veneration  little 
ihort  of  idolatry.  Pythagoras  in  this  attitude,  fur- 
rounded  by  the  Grecian  fages  on  the  field  of  the 
Olympic  games,  whilft  every  eye  was  fixed  with 
rapture  and  delight  upon  one  of  the  mod  perfe<5t 
forms  in  nature,  began  to  pour  forth  the  wifdom 
of  his  dodlrine ;  aftonlfhment  feized  the  hearers; 
and  almoft  doubting  if  it  had  been  a  mortal  that 
had  been  difcourfing,  they  with  one  voice  demanded 
by  what  title  he  would  be  addrefled.  Pythagoras 
anfweredi  that  their  feven  fages  had  takeii  the  name 
Cf  wife  men,  for  his  part  he  left  them  in  polTeflion 
of  a  diftindlion  they  fo  well  merited,  he  wiflied  to 
be  no  otherwife  remembered  or  defcribcd  than  as  a 
Lover  of  Wisdom ?♦  his  pretenfionsdid  not  go  to 

the 

*  As  thjB  w^rd  phile/iphy  has  been  of  hte  much  abufed  by 
Infidels,  politicians,  and  divines,  it  may  not  be  improper  to  giv« 
another  definition  of  the  word,  to  guard  and  ph>te&  it,  and  to 
fcrve  as  a  teft  by  which  to  try  the  principles  of  thcfc  difTcrent 
tvriters.  «  Philofophy  is  the  invclligation  of  truth  of  every 
kind  from  thofe  principta  which  are  pccuh^ir  and  proper  to  it/ftf,  and 
from  no  other  ;  which  principles  arc  not  to  be  taken  up  at  a  ven- 
ture, or  framed  upon  /uppofHotty  but  to  be  fought  ana  found  by 
mudi  experience  and  obfetvation  in  the  nature  and  conftiCution 
•f  things  thcmfelvctf »" 
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tlie  poile^on  of  it^  and  if  they  would  call  him  a 
Phixosopher^  he  would  be  contented  with  the  ap-» 
pellation.  From  this  time  the  name  of  a  phiiofopher 
became  a^ijtle  among  the  learned."* 

Not  to  detain  you  longer  from  an  examination 
of  the  articles  before  you,  I  fliall  firft  give  you  a 
general  defcription  of  fome  of  them,  and  tell  you 
their  feveral  names ;  this  will  render  the  explanation 
of  their  refpCiStive  ufes  eafleraad  more  fimple,  and 
will  enable  you  to  .make  experiments  with  them^ 
and  explain  their  effedts  with  greater  facility^ 

The  inftniment  before  you  is  calledan^/y-/>«»f^.f 
It  is  one  of  the  moftufefulofalUhofephilofophical 
inftruments  whofe  adlion  depends  on  the  aio  It 
confifts  of  a  pump  or  fyringe,  annexed  by  means  of 
other  pieces  to  a  glafs  veflel,  and  is  fo  contrived  that 
by  moving  a  rod  up  and  down,  the  air  contained 
in  the  receiver  may  be  extraded.  It  is  formed  of 
five  principal  parts:  i;Thebarrelr  2.  Thepifton 
moveable  in  the  barrel.  3-  Two  valves  or  open- 
ings (b  contrived  as  to  prevent  the  air  returning 
back  again.  4.  The  plate  of  the  pump  on  which 
the  ve&ls  are  to  be  placed,  that  the  air  may  be  ex-r 
traded  from  them.  5,  A  guage  or  apparatus  for 
mcafuring  the  degree  of  exhauftion.  6.  A  fcrew 
for  occalionally  admitting  the  air  whenrequiredp 

The  neceflary  requifites  of  a  good  air-pump  are, 
I.  That  itexhauft  or  rarify  the  air  as  muchas  pof- 
fible.  2.  That  this  be  effedled  in  theleaftpomble 
time.  3^  That  there  be  a  guage  affixed  to  the  pump, 
toafcertain  with  accuracy  the  degree  of  rarifadion. 

Before  J  expjainthe  conftrudtioi>  of  the  pump, 
1  (hall  place  before  you  a  few  models  of  valves, 
rjff.4,  5,6,  7, 8,  pi*  If)  on  different  conftrudions, 
that  you  may  have  a  clearer  notion  of  their  nature 
and  ufe.     By  a  valve  is  always  underftood  fome 

B  3  fubftance^ 

•  Obferver,  No»  to.  ^  S^  Jig*  tj^fS^  pL  tp  ^ 
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fubftancc,  fo  placed  over  a  hole,  ^s  to  permit  a  fluid 
to  pafs  through  one  way,  but  not  the  other  way,  or 
back  again. 

A  Jlop^cock  is  a  fpecies  of  valve,  for  by  tutTiing 
it  one  way,  it  lets  a  fluid  pafs  through  a  pipe,  &c. 
but  by  turning  it  aboUt  on^  quarter  roumJ  it  fliuts 
up  the  paflage.  When  the  hole  in  the  moveable 
piece  or  cock  coincides  with  the  bore  of  the  pipe, 
there  is  a  free  paHage  for  the  fluids  communicating 
therewith,  but  when  the  cock  is  turned  the  veflel 
is  ftopped. 

The  glafs  veflels  to  be  placed  on  the  pump  are 
tailed  receivers,  fome  of  them  are  open  at  top,  the 
others  are  clofed. 

To  gain  a  clear  ide^of  the  adionof  the  air- 
puttip,  it  will  be  neceflfary  to  take  it  in  pieces.  You 
ttiav  now  fee  that  the  barrel  is  hiade  very  cylindrical 
and  frtiooth;  the  pifton,  which  moves  up  and  down, 
is  made  to  fit  it  fo  exaftly  as  to  permit  no  air  to 
pafs  between  it  and  the  barrel,  and  yet  to  move  up 
and  down  with  eafe;  the  bottom  of  the  pifton  whien 
down  lies  as  clofe  as  poflible  to  the  lower  valve,  in 
brder  to  prevent  any  air  remaining  between  them. 
You  obfcrve  that  in  the  piece  fcrewed  to  the  bottom 
of  the  pifton,  there  is  a  hole,  coinciding  with  one 
that  goes  through  the  pifton;  over  this  hole  afmall 
piece  of  oiled  lilk  is  tied,  which  is  the  pifton  valve; 
It  opens  upwards  to  give  a  paflage  to  the  air  from 
below.  In  the  brafs  plate  on  the  bottom,  you  fee 
another  hole  with  a  valve  on  the  top;  by  this  there 
is  a  paffage  for  the  air  from  any  receiver  placed  on 
the  plate  of  the  pump  to  the  cavity  of  the  barrel 
at  bottom ;  for  the  large  plate  of  the  pump  is  per- 
forated with  a  hole,  to  meet  the  laft  mentioned 
one.  Thcfe  few  parts  are  all  that  are  cflential  to 
the  pump,  and  will  be  fufticient  to  give  you  a  very 
clear  notion  of  the  principles  of  thofe  that  arc 
made  in  a  complex  form. 

To 
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To  work  the  pump,  the  pifton  i§  placed  at  the 
bottom  of  the  barrel,  and  then  lifted  up ;  we  fup-i. 
pofe  it  to  be  fo  well  fitted  as  to  leave  little  or  no 
air  beneath;  confcquently;  on  lifting  it  up  youraifc 
the  column  of  air  that  ftands  over  the  piftpn,  and 
leave  a  cavity  or  fpace  below  in  a  great  meafure 
void  of  air,  fuppofing  that  none  could  enter  into 
this  fpace  through  the  valve  in  the  plate  of  the 
pump.  But  as  the  air  is  very  elaflic,  (as  {  fhall 
prove  to  you  hereafter)  that  which  is  in  the  receiver 
ruihes  through  the  lower  valve  into  the  void  fpace 
in  the  barrel,  till  what  is  there,  and  in  the  receiver, 
become  equally  denfe;  by  this  means  the  quantity 
of  air  in  the  receiver  is  leffened,  and  as  what  remains 
ftill  occupies  the  fame  fpace,  it  is  faid  toberarificd 
or  lefs  denfe. 

This  is  one  half  of  the  operation ;  in  the  next 
place,  the  pifton  is  to  be  carried  down  to  the  bot,. 
torn  of  the  barrel ;  by  raifing  the  pifton  I  brought 
fomc  of  the  air  out  of  the  barrel ;  by  deprefling  the 
pifton  I  (hall  get  it  out  of  the  barrel  alfo,  and  thui 
get  rid  of  it  quite;  for  by  forcing  the  pifton down^ 
the  air  contained  below  it  in  the  barrel  (as  it  cannot 
return  through  the  valves  at  the  bottom  of  the  plate, ) 
is  condenfed  by  the  pifton,  till  it  acquires  elafti* 
city  enough  to  force  open  the  valve  in  the  pifton, 
and  make  it's  efcape  into  the  common-air,  from 
whence  it  cannot  return,  being  prevented  by  the 
valve.  Thus  a  part  of  the  air  in  the  receiver  is 
cxtraded,  and  by  continuing  the  operation  as  much 
will  be  uken  therefrom  as  nuy  be  required. 

By  means  of  the  air-pump  and  it's  apparatus,  yoa 
will  foon  become  acquainted  with  the  nature  and 
properties  of  air.  Air  is  a  fluid  into  which  you 
are  plunged  the  moment  you  are  born,  and  without 
which  you  would  in  a  moment  be  deprived  of  life. 
The  nature  of  a  fluid  fo  important,  fliould  certainly 
engage  the  attention  of  every  rational  being;  for 

B  4  no 
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no  fubftance  has  a  more  univerfal  influence  on  the 
general  courfe  of  nature.  The  varieties  in  it*s  tem-- 
perature  and  weight  are  continually  agitating  our 
frame;  to  the  ad:ion  of  thefe  changes  on  our  bodies 
we  may  attribute  many  of  ourfenlations,  both  irk-ti 
fome  and  pleafant.  Indeed  we  have  always  fomc-r 
thing  to  hope  or  fear  from  the  viciflitudes  of  which 
it  is  fufceptible.  It  contributes  to  the  formation  of 
hail,  and  fuftains  the  clouds.  Plants  grow  and  arc 
nourilhcd  by  it.  Without  the  air,  there  would  bt: 
neither  found,  nor  voice,  nor  language,  all  fire 
ivould  be  extinft,  animals  would  periui,  and  the 
whole  world  would  languilh  and  decay.  It  is  almofl: 
impoflible  for  you  to  think  with  indifference  of  the 
wonderful  efFeds  occafioned  by  this  invilible 
agent.  If  your  mind  is  capable  of  admiring  thefo 
cffeAs,  it  ilv'ill  not  be  infenlibleto  thepleafure  that 
is  to  be  derived  from  a  knowledge  of  their  caufes. 

It  is  fopleafing  to  contemplate  thefirftdawning? 
of  improvement  in  fcience,  and  to  fee  them  riling 
gradually  to  perfedtion,  through  the  fucceflive  la- 
bours of  innumerable  minds  ;  that  I  cannot  refrain 
from  giving  you  alhort  hiftory  of  the  air-pump. 

The  famous  experiment  of  Torricellius,  (to  be 
explained  in  the  next  le(9aire)  gave  rife  to  the  air- 
pump,  and  led  the  Florentine  Academicians  to  con- 
trive an  inftrument  to  procure  a  vacuum.  For  this 
purpofe  they  filled  a  veflel  with  quickfilver,  and 
then  emptied  it,  taking  care  to  prevent  the  air 
from  entering  while  the  quickfilver  was  going  out: 
this  inffrum^nt  being  very  inconvenient,  as  well 
as  imperfeit,  was  foon  laid  afide. 

Otto  de,  Guericke,  an  ingenious  magiftrate  of 
Hamburgh,  invented  the  air-punip  in  1654,  and 
made  the  firft  public  trial  thereof  about  the  fame 
time  at  Ratilbon,  before  the  Emperor  of  Gernuny, 
and  feveral  of  the  eledors,  who  were  highly  de- 
lighted with  the  curious  experiments  exhibited  by 
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jt.  An  account  of  thefe  was  foon  after  publifhed 
hy  Scottus^  a  learned  Jefuit.  In  1672  Otto  de 
JGuericke  gave  an  excellent  narrative  of  his  own 
experiments:  the  inftrument  was,  however,  Hill 
awkward  and  very  imperfeft.  In  order  to  try  ex- 
periments with  it,  they  were  obliged  to  place  their 
glailes,  veflels,  and  other  fubflances  under  water> 
to  prevent  the  air  from  re-entering. 

It  was  afterwards  fo  much  improved  by /jboi^^^ 
the  rival  of  Newton,  and  by  the  famous  Boyle,  and 
was  applied  by  the  latter  to  fuch  ufeful  purpofes,  and 
ppened  in  his  hands  fo  rich  a  mine  of  natural  know- 
loige,  that  the  invention  has  often  been  attributed 
to  him,  and  the  vacuum  made  by  the  air-pump  is 
ftill  call^  the  Boylean  vacuum,  in  contradiftin^ion 
to  that  of  TorriccUius.    Subfequent  improvements 
have  been  made  by  Meffrs,  Ghivefande,  NoUet, 
Smeaton,  Haas,  and  Cuthbertfon;  but  the  lad  and 
moft  perfed  ii^  that  of  the  Rev.  Mr.  Prince,  of  Bof- 
xon  in  America,  to  which  I  have  given  the  name  of 
the  American  Air-^pump.     It  would  be  unneceflary 
minutely  to  defcribe  the  refpedlive  merits  of  thefe 
improvements;  but  it  would  have  been  highly  im- 
proper to  leave  you  altogether  unacquainted  with 
jhe  names  of  thofe  who  have  improved  the  inftru- 
ments  of  fcience^  an4  of  whpfe  labours  we  are  now 
reaping  the  benefit. 

It  is  a  duty  we  owe  fociety  to  commemorate  the 
benefaSors  of  mankind:  and  I  therefore  feel  great 
pleafure  in  laying  before  you  a  fhort  (ketch  of  the 
character  of  Mr.  Bpyle,  whofe  unexceptionable 
integrity,  extenfive  charity,  and  lingular  piety,  did 
great  honour  to  philofophy ;  no  one  ever  took  more 
pains  to  promote  natural  knowledge  in  all  it's 
branches;  among  thefe  the  dodrine  of  the  air  af- 
forded him  ample  field,  and  he  cultivated  it  with 
fuccefs;  he  examined  objedions  with  patience,  and 
f efuted  thein  without  pftentation.    The  world  he 
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confidered as  the  temple  of  God,  and  ''man  (toufc 
his  own  words  J  as  born  the  prieft  of  nature,  ordain* 
ed  (by  being  qualified)  to  celebrate  divine  fervice, 
not  only  /»,  hut  for  it/*     Not  fatisiied  with  having 
promoted  the  belief  of  a  Deity,  and  the  evidence  of 
truereligion,  in  the  greater  number  of  volumes  com- 
pofed  by  him  during  the  courfe  of  a  laborious  life, 
he  has  taken  care  by  his  will  to  perpetuate  a  fuc- 
ceffion  of  advocates  for  it.     Such  a  man,  we  muft 
allow  to  be  an  ornament  to  his  own  age  and  countr)r, 
and  a  public  benefit  to  all  times  and  nations.     He 
feems  to  have  been  a  heavenly  fpirit  in  a  human  fomi 
defcending  from  above,  to  furvey  the  wonders  of 
this  lower  frame,  and  from  thence,  as  from  a  new 
fubjed:,  to  raife  in  himfelf  and  others  a  newfource 
cf  adoration  and  gratitude,  and  new  fongs  of  love 
and  praife. 

As  you  have  now  attained  a  general  idea  ofthe 
fabric  and  contrivance  of  the  air-pump,  I  Ihall 
proceed  to  inveftigate  the  properties  of  the  air  itfelf 
by  means  of  this  inftrument. 

Of  the  Resistance  of  Air. 

The  form  of  air  is  not  vijfile,  yet  the  fubftancc 
and  adion  thereof  is  evident  tothereftofourfenfes. 
This  bladder  which  I  am  going  to  fill  with  air, 
will  be  very  different  when  filled,  from  what  it  is 
in  it*s  prefent  ftate;  it  may  now  be  rolled  up  and 
twilled  almofl  into  any  fonn,  but  when  I  have 
filled  it,  it  is  capable  of  refifting  a  confiderable 
preffure. — It  is  now  filled,  and  you  will  find  that 
fcarce  any  force  you  can  exert  will  bring  it  toge- 
ther. You  cannot  indeed  fee  the  air  in  the  bladder, 
but  you  can  feel  it's  refiftance,  in  the  fame  manner 
the  particles  which  give  energy  to  the  hurricane  are 
invifible,  but  fatal  experience  evinces  their  power. 

Here  is  a  fyringe  with  a  folid  pifton;  I  have 
flopped  the  bottom,  that  the  air  contained  between 
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the  pifton  and  the  bottom  of  the  fyringe  may  not 
dcape.  This  air,  when  the  pifton  is  at  a  certain 
depth,  will  refift  fo  powerfully,  that  if  the  mate- 
rials do  not  give  way,  no  force  whatever  will  bring 
the  pillon  down.  Try  it,  and  you  will  find  oil 
pulhing  it  down,  that  it  feems  to  work  as  if  againi^ 
a  very  ftrong  fpring. 

Here  arc  two  glafs  veffels,  fuch  as  are  fold  in  the 
ftrects  by  the  Italians ;  thefe  will  exhibit  another 
proof  of  the  refiftance  of  the  air.  This  in  my  hand 
has  had  the  air  extracted  from  it,  the  air  remains 
in  the  other.  I  lift  the  exhaufted  one  up,  and  the 
water  falls  upon  the  glafs  in  which  it  is  inclofed 
like  a  piece  of  iron,  with  a  fmart  noife,  from  whence 
it  has  been  named  the  philo/opbical  hammer  \  while 
in  this,  where  there  is  a  bed  of  air  to  fall  on,  it 
fcarce  makes  any  noife.  Artifts  are  accuftomed  to 
judge  of  the  goodnefs  of  the  vjicuum  in  barometers, 
&c.  by  the  fmartnefs  of  the  found  made  by  the 
quickfilver. 

Cuftom  has  rendered  the  contaft  of  air  fo  fami- 
liar to  us,  that  you  muft  refledt,  before  you  can  be 
fenfible  of  the  adtual  impreflions  it  makes  upon 
you.  Being  conftantly  furrounded  by  the  air,  we 
do  not  confider  the  continual  force  it  oppofes  to 
all  our  motions ;  but  if  we  could  be  taken  out  of 
the  atmofphere,  and  were  to  return  to  it  again,  wc 
ihould  then  perceive  without  reflection,  that  the 
air  touches  us  on  all  fides,  as  we  feel  that  the  water 
touches  us  when  we  plunge  into  it. — I  take  this 
empty  glafs  veffel,  and  plunge  it  perpendicularly 
into  a  jar  of  water  with  the  mouth  downwards,  and 
you  perceive  that  that  part  of  the  water  which  an- 
fwers  to  the  mouth  of  the  glafs  veffel,  finks  in 
proportion  as  the  veffel  defcends,  for  the  veffel 
contains  a  column  of  air,  which  oppofes  the  en- 
trance of  the  water,  though  it's  refiftance  is  not 
powerful  enough  to  exclude  it  intirely.    Hence  you 
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fee,  why  a  veflcl  cannot  be  filled  with  water  by 
phinging  it  with  it's  orifice  downwards;  why  a 
funnel,  if  the  pipe  fits  clofely  to  the  neck  of  a 
bottle,  is  not  convenient  for  pouring  of  liquor; 
for  in  order  to  put  the  water  or  wine  into  the 
bottle,  the  air  muft  pafs  between  the  neck  and  the 
funnel ;  but  when  the  neck  is  fo  narrow,  that  there 
is  not  room  for  a  free  palTage,  at  the  fame  time,  for 
the  liquor  to  go  in  and  the  air  to  go  out,  it  muft 
be  brought  about  fucceflively.  We  are  apt,  indeed* 
to  con^der  every  thing  as  empty  which  is  only 
filled  with  air;  but  the  experiments  you  have  feen, 
have  fhewn  the  impropriety  of  phis  confideration* 
by  proving  that  they  ^re  filled  with  a  refifting 
fubftance. 

Of  the  Weight  of  the  Air. 

You  have  often  heard,  perhaps,  made  ufe  of 
the  expreffion,  *' as  light  as  air;"  but  light  as  it  is, 
it  is  heavier  than  you  imagine,  and  it's  weight  is 
the  caufe  of  many  wonderful  efFefts  in  nature.  That 
it  has  weight,  I  (hall  prove,  by  (hewing  you  that 
a  veflel  is  heavier  when  fuU  ot  air,  than  when  the 
air  is  extracted  from  it.  For  this  purpofe,  I  have 
a  bottle  furnifhed  with  a  ftop-cock;  I  weigh  this 
accurately  while  full  of  air.  I  Ihall  now  extrad:  thq 
air  out  of  it,  and  prevent  it's  re-entrance^  by  turn- 
ing the  ftop-cock :  on  weighing  it  again,  you  fee 
it  is  confiderably  lighter  than  it  was  before,  aitd 
confequently  h^  ioft  weight  by  the  extradion  of 
the  air. 

You  have  now  learnt  that  the  air  has  weight  5  by 
filling  the  bottle  when  emptied  of  air,  withdiftilled 
water,  and  then  weighing  it  again,  you  will  find 
it's  fpecific  weight,  that  is,  you  will  compare  a 
given  quantity  or  bulk  of  air,  with  the  fame  volume 
or  bulk  of  water,  and  thus  difcover  the  difference 
between  them. 

3  T^ 
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To  be  more  particular,  I  fill  this  flalk,  when  the 
tir  is  exhaufted  from  it,  with  water,  and  weigh  it* 
I  fubtraA  from  this  weight,  the  weight  of  the  flalk, 
(without  air,)  the*  deficiency  is  the  weight  of  the 
water.  X  cubic  inch  of  water  has  been  found  to 
weigh  fo  itiany  grains;  dividing  therefore  the  weight 
of  water,  by  this  number  of  grains,  gives  me  the 
cubic  inches  contained  in  the  flalk. 

I  have  now  obtained,  i .  The  weight  of  the  flalk 
without  air.  2.  The  number  of  cubic  inches  con- 
tained in  the  flalk.  3.  The  weight  of  this  number 
of  cubic  inches  of  water.  4.  The  weight  of  the 
fame  number  of  cubic  inches  of  air. — ^The  relation 
between  the  two  laft  numbers  gives  us  the  fpecific 
gravity  of  water  and  air;  for  the  fpecific  gravity  of 
air  is  to  that  of  water,  as  the  weight  of  a  cubic  inch 
of  air  is  to  that  of  a  cubic  inch  of  water.  We  ob- 
tain the  weight  of  ^  cubic  inch  of  air,  by  dividing 
the  weight  of  air  in  the  flalk  by  the  number  of 
cubic  inches  contained  by  the  flalk. 

About  14 1  grains  of  air  are  equal  to  two  pounds 
of  water ;  theretore  the  proportion  is  as  i  to  800. 

Abfolute  exadnefs  is  nojt  attainable  by  this 
method;  it  is  however  fufficient  for  every  common 
purpofe.  The  height  of  the  barometer  and  ther- 
mometer Ihould  always  be  noti;:ed  at  the  time  thcL 
experiment  is  made,  as  a  variation  in  thefe  will 
occafion  a  diflference  in  the  rcfults.  The  weight 
oftheelaftic  fluids,  of  whofe  nature  we  Ihall  fpeak 
hereafter,  may  be  obtained  in  the  fame  manner. 

Of  the  Pressure  of  the  Air. 

As  you  have  feen  that  the  air  has  weight,  and 
confequently  preflesupon  all  bodies  that  are  con^ 
tiguous  to  it,  you  willbe  lefs  furprized  at  fome  of 
the  eifeds  occafioned  by  this  prelTure.  I  place  this 
glafsveflel  upon  the  plate  of  the  pump,  from  which 
you  may  remove  it  wi^h  the  utmpft  fa^cility,  becaufe 
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there  is  under  it  a  mafs  of  air  of  equal  denfky  witJi 
that  which  furrounds  it ;  the  internal  air  is  acoun— 
;er-ballance  to  the  column  of  air  upoil  the  top  oC 
the  receiver.     I  now  work  the  punip^  and  therebjr 
takeout  or  exfiauft  the  air  from  under  the  receiver, 
and  thus  remove  the  counter-preffure ;  the  receiver 
will  then  be  preffed  down  upon  the  plate  of  tho 
pump  by  the  whole  weight  of  the  atmofphere  in-- 
cumbent  on  it's  furface.     It  is  done^  and  you  will 
now  find  it  very  difficult  to  feparate  the  receiver 
from  the  plate,  to  which  it  is  fixed  down  with  a 
force  equal  to  as  many  times  1 5  pounds,  as  there 
are  fquare  inches  covered   by   the  opening  at  the 
mouth  of  the  receiver. .  If  the  receiver  be  h^ge^ 
the  weight  of  the  preponderating  column  is  enor- 
mous.    You  cannot,   I   fee,   feparate  the  receiver 
from  the  plate ;  I  will,  therefore,  re-admit  the  air, 
by  turning  this  fcrew,  the  ballance  will  again  be 
reftored,  and  the  air  prefllng  as  much  upwards 
againft  the  inward  parts  of  the  receiver,  as  the 
outward  parts  are  preffed  by  the  external  air,  the 
receiver  may  be  eafily  removed. 

The  natural  propenfity  of  the  huoian  mind  td 
know  the  caufe  of  every  effeA,  often  leads  men 
into  errors,  and  makes  them  fatisfied  with  a  word 
which  does  not  remove  their  ignorance.  It  is  thus 
that  fome  have  faid,  the  glafs  was  held  down  by 
/uftion,  without  exf)laining  what  they  meant  by 
fudion,  or  (hewing  how  it  was  produced.  We 
fliall,  however^  prove  to  you  by  the  next  experi- 
ment, that  the  glafs  is  not  held  down  by  fuftion. 
,1  take  this  brafs  plate,  put  an  oiled  leather  on  it, 
and  place  it  on  the  plate  of  the  pump;  I  then  fuf- 

I)end  this  fmall  receiver  on  the  hook  under  the 
arger  one,  .and  place  the  large  one  infuch  manner 
on  the  plate,  that  the  fmall  receiver,  when  let  down, 
will  come  on  the  fmall  plate:  (fig^  17,  pL  r.)  upon 
working  the  pump,  the  air  will  be  exhaufted  from 

both 
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both  receivers.  Let  us  now  coofider  the  circutt- 
ihuice;  there  is  no  air  voder  either  giaf$>  all  is  free 
ivithin^  but  the  outer  glafs  is  held  dcAvn  by  the 
preflure  of  the  external  air,  whilft  the  fmall  glafs 
having  no  air  to  prefs  upon  it,  continues  loofe,  and 
may  be  drawn  up  and  down  at  plpafure.  Admit 
the  air  into  the  receiver,  and  the  large  one  will  be 
fct  at  liberty,  whereas  the  fmall  one  will  be  prefled 
<iown  upon  the  plate;  and  this,  not  from  fu6tion» 
for  it  continued  loofe  whilft  I  was  pumping,  but  the 
internal  air  or  prop  being  taken  away,  the  external 
preifesupon  it,  and  keeps  it  down. 

There  are  few  experiments  which  are  more 
<iecinve  againft  the  common  opinion  of  fuc^on 
Chan  that  which  is  made  with  theinftrumcnt  called 
a  dmhle  transferer,  (fig.  ii,  />/.  2.)  Screw  the  end 
of  the  middle  pipe  into  the  hole  c^  the  pump,  and 
turn  the  cocks  d,  G,  H,  fo  as  to  open  tl^  commu* 
nication  between  the  pipes  and  the  pump«  Place 
a  Teceiver  upqn  one  of  the  plates  (g),  taking  care 
that  the  communication  with  the  other  is  cut  off 
by  turning  the  cock  (H)  connected  therewith, 
exhauft  the  air  out  of  the  receivef,  then  turn  the 
cock  (I)^  which  conneds  the  whole  with  the  pump^ 
10  prevent  the  air  from  re-entering,  and  unfcrew 
the  apparatus  from  the  pump :  now  put  a  receiver 
upon  the  other  plate,  and  this  will  continue  loofe 
on  the  plate  as  long  as  it  remains  full  of  air :  turn 
the  cock  (H)  belonging  thereto,  to  open  the  com* 
munication*  between  this  and  the  other  receiver, 
and  the  air  in  the  laft  having  nothing  to  ad  againft 
it's  fpring,  will  ruih  into  that  which  was  exhaufted. 
Until  It  be  of  equal  dcnfity  in  both,  and  they  will 
be  held  down  with  equal  forces  to  their  plates,  by 
the  preflure  of  the  atmofphere,  though  each  will 
be  kept  down  with  only  one  half  of  the  preflure 
that  a<5led  on  the  firft  when  exhauftcd  of  it's  air. 
.  Her?  is  a  gla(s  open  at  both  ends.  I  took  a  wet 
)  bladder. 
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tiadder,  and  ftretched  it  over  one  of  thefe  chcis/ 
tied  it  faft,  and  let  it  dry.  I  now  place  it  on  thtf 
plate  of  the  pump;  (fig.  14,  />/.!•)  while  the  air 
prefles  the  bladder  equally  on  both  fides,  it  lie^ 
even  and  ftrait;  but  as  foon  as  I  begin  to  ^hauft 
the  air,  you  fee  it  is  prefled  inwards,  and  is  quit<s 
concave  on  the  upper  fide ;  in  proportion  as  I  cx- 
haufl:  the  air,  the  bladder  is  more  ftretched;  it 
will  foon  yield  to  the  incumbent  prefliire,  and 
burft  with  a  loud  explofion.  You  obferve  that, 
when  the  bladder  was  much  prefled  down,  it 
recovered  it*s  fmooth  even  fituation,  as  foon  as  I 
let  in  air  to  fupport  it ;  but  no  fooner  did  we  take 
away  this  afliftance,  than  the  bladder  burft«  As  the 
fibres  of  a  bladder  are  very  ftrong,  this  experiment 
will  not  always  fucceed,  and  you  will  often  find  i% 
neceflary  to  facilitate  the  rupture,  by  preffing  the 
bladder  with  your  finger,  or  the  point  of  a  knife  i 
to  avoid  this,  and  render  the  experiment  more 
certain,  I  macerated  the  bladder,  and  then  took  oflT 
fome  of  the  flcins  of  which  it  is  compofed ;  being 
thus  rendered  thinner,  it  has  fucceeded  perfedtly 
to  our  wifties. 

Yqu  alk  me,  with  propriety,  why  the  weight  of 
air  does  not  break  the  receivers  as  it  burfts  the  blad- 
der ?  The  ftrength  of  the  receivers  is  derived  from 
their  circular  form;  the  arched  figure  prevents^ 
them  from  giving  way  inwards,  for  if  they  were 
made  with  flatted  fides  like  this  fmall  thin  bottle, 
the  external  prcflure  would  break  them  to  pieces 
when  the  air  was  removed  from  the  infide.  This 
fquare  bottle  has  a  valve  at  the  neck  opening  out- 
wards ;  I  fet  it  on  the  plate  of  the  purtip  with  x 
cage  over  it,  and  a  receiver  over  both,  (Jig.  2,  pi.  3,) 
and  exhauft  the  air ;  that  in  the  bottlfe  will  com^  out 
through  the  valve:  the  air  is  now  exhaufted,  andl 
flialllet  itinajgainfuddenly;  the  valve  will  prevent 
any  from  getting  into  the  bottle.    The  receiver  is 

now 
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now  full  of  air,  and  you  fee  the  bottle  has  bur  ft  into 
innumerable  pieces,  with  a  loud  explofion;  for  being 
deprived  of  the  internal  fupport,  it  was  incapable 
of  fuftaining  the  weight  of  the  atmofphere. 
The  noife  in  thefe  experiments  has  ftruck  you  with 
aftonilhmcnt,  it  is  therefore  neceflary  that  I  Ihould 
explain  the  reafon  to  you ;  it  is  occalioned  by  the 
quantity  and  velocity  with  which  the  air  enters 
the  vacuum.  Mr.  Papin  has  calculated,  that 
the  air  enters  a  vacuum  with  a  velocity  that 
would  carry  it  through  1300  feet  in  a  fecond  of 
time.  When  I  pull  off  the  top  of  this  tooth-pick 
cafe  I  rarify  the  air,  for  while  I  am  opening  the 
cafe,  the  capacity  thereof  is  increafed,  the  air 
which  before  occupied  this  Ihort  fpace,  now  oc- 
cupies a  larger ;  and  the  velocity  and  force  re- 
quired to  reftore  it  in  both  pieces  to  it's  natural 
ftate,  occafions  the  noife.  Other  inftances  will  oc- 
cur, which  you  may  explain  in  the  fame  manner. 

When  I  ftretch  out  my  hand,  with  the  back 
of  it  upwards,  I  do  not  feel  the  weight  of  the  air 
which  prefles  upon  it,  becaufe  the  lower  airprefles 
the  palm  of  the  hand  as  much  upwards,  as  the 
incumbent  columnprefles  the  backpart  downwards ; 
and  thefe  two  mutual  and  contrary  forces  defttoy 
wh  other,  fo  that  neither  of  them  is  felt.  But 
if  you  place  your  hand  upon  this  receiver,  while  I 
cxhauft  the  air  from  below  it,  and  thus  remove  the 
air  which  preffed  upward  againft  the  palm  of  the 
hand,  whilft  the  external  air  prefTes  upon  the  back 
part  of  it,  you  will  find  your  hand  preffed  down- 
wards with  force  enough  to  give  you  pain,  and 
nwike  you  feel  the  weight  of  the  incumbent  atmo- 
fphere. Thus  as  we  feldom  know  the  bleffings 
that  furround  us  till  we  are  deprived  of  them ;  fo 
in  the  prefent  cafe,  we  were  not  fcnfible  of  the 
weight  of  the  ambient  fluid,  till  a  part  of  it  was 
taken  away,  and  the  preflure  was  not  fenfible  till  the 
Voi.  I.  C  coun- 
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counterading  preflure  was  rembved^  To  lift  your 
hand  from  the  receiver  wheiv  the  air  is  cxhauftcd 
from  under  it^  you  muft  exert  a  force  capable  of 
railing  the  column  of  air  incumbent  on  it;  now 
this  column  is  equal  in  weight  (as  will  be  evident 
in  the  next  ledhire)  to  a  cylinder  of  qtockfilver, 
whofe  bafe  is  of  the  fame  fize  as  the  month  of  the 
receiver  on  which  your  hand  is  laid,  and  whofe 
height  is  about  30  inches ;  of  the  weight  of  fuch 
a  column,  you  may  form  fbme  idea  by  lifting  up 
this  fmall  bottle  withquickfilverj  at  the  iametimc 
that  the  hand  is  thus  forced  down,  the  preffurc  is 
taken  off  from  that  part  which  is  expofcd  to  the 
vacuum ;  the  fluids  therefore  flow  to  that  part 
and  caufe  it  to  fwell,  which  is  further  increafed  by 
the  elafticity  of  the  air,  a  property  to  be  hereafter 
noticed. 

This  experiment  Ihcws  alfo,  that  there  is  a 
quantity  of  air  contained  in  the  flelh  and  humours 
of  the  body,  and  explains  die  nature  of  cupping* 
In  doing  this,  the  operator  generally  takes  a  fmall 
glafs  clofeattop,  and  holding  it  a  little  time  over  the 
flame  of  a  lamp,  the  air  is  thereby  rarified,  and  a 
part  of  it  driven  out ;  the  glafs  is  then  fuddenly 
clapped  on  the  part  to  be  cupped,  the  remaining 
air  now  cools  and  condenfes,  and  the  glafs  ad- 
heres to  the  flefli.  In  proportion  to  the  difference 
in  the  preiTures  of  the  external  and  internal  air, 
the  flefli  rifes  in  the  glafs  and  becomes  very 
protuberant,  as  in  the  foregoing  experiment,  and 
ibr  the  very  fame  reafons :  the  glafs  being  removed, 
the  part  is  immediately  wounded  by  a  fcarificator, 
which  is  a  kind  of  lancet  with  many  points.     The 

flafs  is  then  heated  2  fecond  time,  and  applied  a^ 
efore ;  blood   and  feroiities   are  by  the  external 
preflure  of  the  air  forced  from  the  wounded  vefleb 
into  the  glafs^  and  m  hen  one  has  done  it's  office 
a  and 
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inddViwri  fuificient,  another  is  applied,  till  the 
intended  qtiantity  is  drawn  off. 

The  beft  way  of  cupping  is  by  the  exhaufting 
fyrinffe. 

It  miift  be  evident  from  what  you  have  feen^ 
that  theprefful^  will  be  greater  and  more  fenfible, 
in  proportion  as  the  mouth  or  opening  of  the  re- 
ceiver is  larger,  and  confequently  you  will  find 
that  your  hand  will  be  more  firmly  attached  to 
the  receiver,  than  your  thumb  will  be  to  this  hole 
in  the  plate  of  the  pump. 

I  have  tied  the  neck  of  a  bladder  to  a  ftop- 
cock,  which  I  Ihall  fcrew  to  the  plate  of  the 
pump,  and  exhauft  the  air  from  the  bladder;  I 
now  turn  the  ftpp-cock  to  prevent  the  re-entrance 
of  the  air,  and  then  unfcrew  the  whole  from  the 
pump.  The  bladder  is  transformed  into  two  flat 
ikin^,  fo  clofely  applied  together,  that  the  ftrongeft 
man  cannot  raife  one  of  them  half  an  inch  from 
the  other.  When  the  bladders  form  the  area  of  a 
circle  fix  inches  diameter,  each  fide  is  preffed 
down  upon  it's  fellow  with  a  forge  equal  to  396 
pounds. 

This  experiment  is  elegantly  illufl:rated  by  the 
hcmifpheres,  which  are  ufually  termed  the  Mag-^ 
deiurg  Hemi/pheres,  {fig.  20,  pL  i,)  as  being  the  in-  ^ 
vcntion  of  Otto  de  Guericke,  of  Magdeburg.  1 
apply  thefe  hemifpheres  together,  with  an  oiled 
leather  at  the  place  where  they  ftiut;  they  are  now 
cafily  feparated,  and  will  moft  probably  fall  afun- 
dcr  by  their,  own  weight.  I  fcrew  them  to  the 
pump,  turn  the  fl:op-cock,  and  therr  exhaufl:  the 
air  from  between  them;  they  now  (as  you  find) 
adhere  ftrongly  together,  with  a  force  which  re- 
quires about  15  pounds  for  every  fquare  inch  in 
Ac  circle.  If  the  air  be  re-admitted,  they  will 
fall  afunder  as  before,  for  the  air  rcftores  the 
equilibrium;    before  it's   admittance,  the  adlion 

C  2  uithin 
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within  was  weaker  than  theaftion  from  without, 
and  the  eftcdl  ccafcs  as  fooh  as  the  former  is  mad^i 
equal  to  the  latter. 

To  Ihew  this  in  another  way,  I  exhauft  the 
hcmifpheres  as  before,  turn  the  cock  to  prevent 
the  re- entrance  of  the  air,  then  fufpend  them  to 
this  hook  under  the  receiver,  and  place  the  whole 
en  the  pump.  What  do  you  think  will  be  the 
confequence,  if  I  exhauft  the  z\r  from  the  re- 
ceiver ?  You  know  they  are  kept  together  by  the 
air  that  incompafles  them  in  the  receiver.  If  then 
I  fliould  take  away  this  air,  there  will  be  nothing 
to  oppofe  their  coming  afunder.  I  have  exhaufted 
the  air  from  about  them,  and  you  fee  with  what 
cafe  they  are  fcparated. 

This  fmall  inftrument  (fg.  22,  //.  i,)  is  a  mo- 
del on  a  fmall  fcale  of  a  common  water  pump, 
and  will  ferve  to  fhew  you  why  at  every  ftroke  of 
the  common  pump,  the  water  in  the  well  rifcs 
in  the  pipe  below  till  it  arrives  at  the  ciftern, 
and  then  runs  out.  The  brafs  tube  reprefents  the 
barrel  of  the  pump,  the  lower  tube  the  pipe,  and 
the  water  in  the  bafon  that  of  the  well.  I  raife 
the  pifton,  and  you  fee  the  water  follows  it,  rifing 
at  every  ftroke  till  it  has  reached  the  ciftern  and 
then  runs  out.  To  ftiew  yoa  that  this  elFedt  arifcs 
from  the  preifure  of  the  air,  I  place  the  pump  on 
this  receiver,  and  put  it  with  the  jar  of  water  on 
the  plate  of  the  air-pump;  I  draw  out  all  the  air 
fr.m  the  receiver,  and  then  raife  and  work  thepif- 
ton,  but  the  water  does  not  rife,  as  there  is  nopref- 
fure  of  air  to  produce  thatefFci^t;  a  ckar  proof  alfo 
that  pumps  Jo  not  a^f  byjiitlion. 

This  plate  and  ftop-cock  is  called  a  tranf- 
ferrer.  (fig.  12,  />/.  2.)  I  fcrcvv  the  ftop-cock  to 
thcpump^  and  then  this  pipe  on  the  plate  of  the 
transi'crrer,  on  which  I  aUb  place  an  oiled  leather, 
and  then  a  receiver  on  the  leather.  Exhauft  the 
3  *Jf 
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air  from  the  receiver,  and  then  turn  the  flop- 
cock  to  prevent  the  re-entrance  of  the  air ;  now 
unfcrew  the  whole,  and  hold  it  over  the  pail  of 
water,  fo  that  the  mouth  of  the  ftop-cock  may  be 
under  water  ;  turn  the  ftop-cock,  and  the  prefllire 
of  the  air  will  force  up  the  water  into  the  receiver, 
and  form  a  very  pleafing  fountain. 

Other  experiments  will  confirm  what  you 
have  already  feen,  by  ftiewing  you  that  a  quantfty 
of  a  fluid  as  heavy  as  water  will  not  fink  in  the 
atmofphcre,  unlefs  the  air  have  liberty  to  prefs  on 
it's  upper  furface. 

I  flip  a  piece  of  paper  on  the  mouth  of  this 
conical  glafs  which  is  filled  with  water ;  I  then 
apply  my  hand  to  the  top  of  the  glafs,  and  invert 
it:  I  withdraw  my  hand,  the  water  remains  in 
the  glafs  fupported  by  the  preflure  that  the  air 
cxercifes  upwards.  The  fides  of  the  inverted  glafs 
prevent  the  air  from  prefiing  on  the  upper  part ; 
but  it  has  free  accefs  underneath,  and  it's  prcfliire 
is  evident  by  the  concavity  of  the  paper.  The 
\vaterrefts  on  the  paper  as  a  common  bafe,  which 
keeps  the  furface.  uniform,  and  prevents  the  water 
from  ofcillating,  and  thus  forming  a  paflage  for 
the  air;  becaufe  when  one  part  of  the  column  of 
water  becomes  longer  than  the  reft,  it  is  heavier, 
and  therefore  defcends ;  by  this  me^tns  the  air  gets 
room  to  afcend  in  the  place  of  the  defcending  wa- 
ter, and  a  general  preflure  taking  place,  the  glafs 
is  foon  deprived  of  it's  contents. 

Upon  this  principle  this  fountain  adls,  the 
upper  part  or  receiver  (fig.  5,  pi,  2,)  is  hollow, 
having  a  pipe  (c)  foldered  therein,  which  reaches 
nearly  to  the  top,  on  which  being  thruft  into  a 
Wc  fockct  it  refts ;  it  is  filled  by  this  pipe  when 
inverted :  on  the  under  part  of  the  refervoir  arc 
fcveral  fmall  tubes,  through  which  the  water  will 
flow  on  the  admiffion  of  air.     The  bottom  part  is 

C  3  hollow 


Digitized  by  VjOOQLC 


22        Lectures  on  Natural  Philosophy^. 

hollow  to  receive  the  water  flowing  from  thefc 
tubes,  which  it  does  through  a  fmall  hole  placed 
immediately  under  the  orifice  of  the  middle  pipe; 
the  area  of  this  hole  is  fomewhat  fmallcr  than  that 
of  all  the  fmall  holes  taken  together ;  when  thcfe 
therefore  all  run,  they*  will  yield  more  water  than 
can  be  received  in  any  given  time.  This  will 
caufc  the  water  to  rife  in  the  bafon,  fo  as  frc- 
^  quently  to  cover  the  end  of  the  middle  pipe ;  this 
prevents  the  entrance  of  the  air,  and  takes  off  it*s 
prefllire  from  the  furface  of  the  water  in  the  rc- 
fervoir,  which  prevents  the  defcent  of  the  fluid 
through  the  fmall  tubes  till  the  water  at  bottom 
has  run  off,  and  left  a  free  paflage  for  the  air. 
By  obferving  this  circumftance,  you  may  eafily 
give  the  word  of  command,  and  fay  when  it  fhall 
llop,  and  when  go  on;  this  machine  is  called  the 
fountain  of  command. 

There  are  a  number  of  fmall  holes  in  this  tin 
veflel ;  the  mouth  is  not  more  than  |  of  an 
inch  in  diameter.  Plunge  the  veffel  in  water,  and 
when  it  is  full  cork  it  up,  and  take  it  out  of  the 
water ;  fo  long  as  the  veflel  remains  corked,  no 
water  will  come  out ;  but  as  foon  as  the  air  has  ac- 
cefs  to  the  upper  furface,  which  it  will  have  on  • 
your  taking  out  the  cork,  the  water  wiU'iflue  from 
the  fmall  holes  at  the  bottom. 

I  cannot  difmifs  this  part  of  our  fubjeft,  with- 
out explaining  a  little  inftrument  called  the  j»//- 
guggler^  (fig.  4,  pi.  2,)  formerly  much  ufed  for  de- 
canting of  liquors  liable  to  fediment. 

As  you  have  feen  the  neccflity  of  the  air's  up- 
per prelTure,  to  promote  the  eafy  and  uniform  flux 
of  fluids  from  clofe  veffels,  commonly  called  giv^ 
ing  ikem  vent  /  you  will  not  be  furprized,  that  in 
decanting  liquors  where  this  upper  preflure  is 
wanting,  there  ftiould  happen  a  kind  of  ftrug- 
gle,  between  the  grolTer  fluid  endeavouring  by  ifs 
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greater  gravity  to  iflue  forth,  and  the  air  endea- 
vouring to  prevent  it  by  it*s  repreffure;  hence 
fuch  a  cohvulfive  motion  is  often  produced  in  the 
body  of  the  liquor  as  to  render  it  foul.  To 
prevent  this  inconvenience,  the  anti-guggler  was 
invented ;  it  confifts  of  a  crooked  tube  of  metal, 
fo  bent,  as  to  be  eafily  introduced  into  the  neck 
of  moll  bottles. 

To  ufe  this  hiflaaiment  with  fuccefs,  the  bot- 
tle containing  the  liquor  to  be  decanted,  is  to  be  in- 
clined a  little  to  one  fide.  Let  afmall  quantity  of 
liquor  run  off,  half  a  fpoonful  perhaps ;  to  anfwer 
this,  an  adequate  quantity  of  air  will  enter  through 
the  neck  with  a  kind  of  glub,  and  rife  into  the 
upper  part  of  the  bole  ;  with  your  fore  finger  on 
the  ring  (c),  and  youj-  thumb  held  clofe  to  the 
ncckofthe  pipe  (A),  introduce  the  machine  into 
the  neck  of  the  bottle,  thrufting  it  quite  through 
the  body  of  the  liquor  till  the  end  (B)  reaches, 
or  is  very  near  the  bubble  of  air  before  admitted ; 
in  doing  this,  the  liquor  cannot  enter  into  the  tube 
on  account  of  the  inclofed  air,  which  is  prevent- 
ed from  efcaping  by  the  thumb.  Take  off  your 
thumb,  and  an  immediate  vent  will  be  given  to 
the  bottle,  and  the  liquor  will  flow  out  fl:eadily 
and  unconvulfed. 

Our  next  experiment  will  be  with  ^fyringe  an4 
akaden  weight,  (fig'9»P^*  '>)  ^^  ^^^  hottom.  Thepif^ 
ton  of  this  fyringe  is  aifferent  from  that  of  a  common 
one,  as  it  has  no  hole  through  it,  nor  valve ;  it  is 
called  a  folid  pifton.  If  therefore  I  place  the  pif- 
ton  at  the  bottom  of  the  fyringe,  fcrew  on  the 
lead  weight  with  a  piece  of  leather  to  prevent  any 
air  getting  in,  and  then  lift  up  the  pifton ;  it  is 
evident  that  it  leaves  a  vacuum  below  it : — let  us 
fee  the  confequence.  I  let  go  the  pifton,  and  it 
flics  rapidly  to  the  bottom  on  account  of  the  air's 
prcffurc  upon  it,  fo  that  the  pifton  and  the  lead 
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weight  are  kept  together  by  the  preflure  of  the 
external  air.  I  fhall  now  fufpend  it  under  a  re- 
ceiver ;  upon  exhaufting  the  air,  and  leflening  it's 
force  on  the  fyringe,  the  weight  of  the  lead  will 
caufe  the  fyringe  to  dcfcend  from  the  pifton,  and 
that  lower  in  proportion  as  the  air  is  more  ex— 
haufted ;  on  letting  in  the  air,  it  forces  the  fyringe 
up  again  to  the  pifton. 

Every  experiment  you  have  feen  has  furniftied 
iriftrudion,  and  though  fome  may  at  firft  fight 
appear  of  but  fmall  importance,  their  value  will 
be  evident  when  you  come  to  other  branches  of 
fcicnce.  Here  is  a  large  piece  of  cork  pending 
from  one  end  of  a  ballance  beam,  a  fmall  piece  of 
lead  is  at  the  other  end  of  the  beam,  the  lead  ra- 
ther preponderates  over  the  cork ;  let  us  place  this 
apparatus  under  a  receiver  on  the  pump;  when 
the  air  is  exhaufted,  you  will  find  the  cork  which 
now  feems  the  lighteft,  proves  the  heavier  body, 
and  prepgnderates  the  lead.  I  have  only  moved 
the  winch  twice,  and  you  fee  that  the  cork  and 
lead  are  in  perfcd: equilibrium;  as  I  exhauft  the  air^ 
you  fee  the  cork  preponderate  the  lead  as  far  as  the 
beam  will  admit;  you  will  hereafter  fee  many  expe- 
riments to'prove,  that  bodies  moving  in  a  fluid  meet 
with  a  refiftance  from  it ;  and  that  in  proportion  as 
their  bulk  is  larger  thanan  equal  bulk  of  the  fluid.  The 
air  is  a  fluid ;  and  the  cork  of  equal  M^eight  with 
the  lead  being  many  times  larger  in  bulk,  wilt 
meet  with  fo  much  more  refiftance  from  the  air ; 
this  refiftance  will  oppofe  a  defcent  of  the  cork 
more  than  it  does  that  of  the  lead,  and  will  con- 
fcquently  diminifli  more  of  it's  weight.  Hence 
when  the  weights  are  equal  in  air,  it  muft  follow^ 
that  when  it  is  taken  away,  the  larger  bulk  of 
cork  which  was  before  refifted,  will  prove  the 
heavier  body^  51s  you  have  feen  in  the  prefent  in- 
ftapce, 

A  pair 
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A  pair  of  common  bellows  is  a  philofophical 
inflrument.  I  have  flopped  the  vents  or  apertures 
of  this,  and  you  will  now  find  it  very  difficult  to 
open  the  bellows ;  this  difficulty  arifes  from  the 
weight  of  air  on  the  boards,  which  will  be  removed 
as  foon  as  I  unftop  the  vents,  and  l^t  the  air  get  in. 
When  the  upper  part  of  the  bellows  is  lifted  up,  the 
body  of  air  is  lifted  up  from  the  lower  part,  and 
the  air  nifties  in  at  the  vent  at  bottom  to  fill  up  the 
fpace  between  the  two  boards.  When  I  deprefs  the 
upper  board,  the  air  preiTes  againft  it,  andlhuts  the 
valve  at  the  vent,  and  not  being  able  to  efcape  that 
way,  is  forced  with  rapidity  through  the  narrow  hole 
of  the  pipe,  and  being  diredled  to  the  fire  makes  it 
burn  brilkly. 

By  the  preflure  of  the  air,  the  fucftion  of  ani- 
mals is  explained.  When  a  child  fucks  at  the 
breaft,  it  performs  by  a  natural  and  eafy  mechanifm, 
tvhat  we  perform  by  our  machines  in  an  aukward 
and  laborious  manner.  When  the  mouth  is  applied 
to  the  breaft,  the  child  drawsin  it's  breath,  then ftops 
the  entrance  into  the  mouth  by  the  noftril,  and 
fqueezes  the  nipple  between  his  lips ;  the  entrance 
of  the  air  being  excluded,  and  a  vacuum  made,  the 
prefiure  of  the  air  upon  the  mother's  breaft  will 
force  the  milk  into  the  mouth,  as  long  as  the  child 
continues  to  carry  it  off,  and  preferves  by  it's  tongue 
the  vacuum.* 

Sucking  and  fwallowing  are  very  complex 
operations.  Anatomifts  dcfcribe  about  thirty  pair 
of  mufcles  that  muft  be  employed  at  every  draught: 
of  thofe  mufcles  every  one  muft  be  ferved  by  it's 
proper  nerve,  and  can  make  no  exertion  but  by 
feme  influence  communicated  by  the  nerve.  The 
exertion  of  all  thofe  mufcles  and  nerves  is  not  fimul- 
tancous,  they  muft  fucceed  each  other  in  a  certain 
order ;  and  their  order  is  no  lefs  neceflary  than  the 
exertion  itfelf.     This  regular  train  of  operations  is 

carried 
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carried  on  according  to  the  niceft  rules  of  art,  by 
the  infant  who  has  neither  art,  norfcience,  nor 
experience,  nor  habit.  -• 

I  have  now  Ihewn  you  with  what  powers  of 
refiftance  the  air  is  endowed,  it's  comparative 
weight  with  that  of  other  bod.ies,  and  the  arriazing 
force  of  this  weight:  this  knowledge  has  enabled 
iw  to  explain  fevcrai  of  the  common  phenomena 
which  are  continually  occurring  to  us.  The  fur- 
ther you  advance,  the  more  you  will  comprehend^ 
till  at  laft  wherever  you  go  you  will  meet  with  ob- 
jeds  of  information.  Arts,  manufadlures,  com- 
merce. Jaws,  civil"  government,  the  order  and 
happinefs  of  fociety,  are  the  refult  of  knowl^^e.^ 
andfcience,  and  participate  in  tbeir  improi-fefeSnV* 
and  together  with  them  make  advances  towards 
*  perfeftion,  or  fmk  into  barbarian  darknefs.  Though 
young  in  years>  you  are  put  in  pofleflion  of  fails,  of 
which  the  fagcs  of  antiquity  were  ignorant.  The 
philofophers  of  the  early  ages,  like  the  "  children 
of  the  world,"  were*amufed  and  fatisfied  with  the 
ohfcurity of  bypo/befis,  and  the  iliufions  of conjeffure; 
but  the  world  rifing  in  years  and  in  wifdom,  rejeds 
fuch  methods  of  philofophifing,  and  confiding  in 
fz&s  alone,  is  enabled  to  interpret  the  operations  in 
nature,  and  draw  afide  her  veil.*  Indeed  the 
Almighty  teaches  and  inftruds  us  in  the  invijible 
things  ofhimfelf,  no  other  wife  than  through  the 
medium  of  the  things  that  are  made ;  and  therefore 
he  firft  gave  us  the  knov.  ledge  of  the  natural  world, 
.that  through  it  we  might  attain  to  that  of  the  fpi- 
ritual.  The  foot  of  the  ladder  was  let  dow  n  to  earthy 
fhat  we  thereon  might  aiccnd  to  heaven. f 

♦  Sir  J.  Pringle'fi  PifcouiPci.  i  Bp,  oFJ^orwich. 
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LECTURE    H, 

IT  is  of  the  utmoft  ipiportance  to  your  real  ad- 
vancement in  fcience^  to  avoid  every  fource  of 
error,  or  whatever  may  lead  you  to  form  an  erro- 
neous judgnient.  Now  a  t^e  judgment  can  only 
be  obtained  by  a  profound  view  of  nature,  and  z 
ilrid:  examination  into  the  mutual  conne(£lions  and 
dependencies  of  things ;  you  will  hence  fee  the  nc- 
ceflity  of  ftridt  and  accurate  examination,  of  time 
to  acquire  the  requifite  knowledge,  and  of  atten- 
tion to  comprehend  it :  for  among  the  various 
fources  of  error,  we  may  reckon  the  precipitation 
of  our  judgment,  and  a  prefumptuous  ignorance  as 
the  principal.  From  thefe,  as  from  a  fruitful 
ipring,  arife  obftinacy  in  error,  and  refiftance  to 
truth,  A  prefumptuoiis  and  untraftable  difpofition 
is  not  fitted  to  receive  inftruftion :  it  is  a  ftubborn 
and  ftony  foil  on  which  the  feed  fown  is  intirely 
ioft,  never  producing  fruit*  Prefijmption  and 
prejudice  are  two  of  the  great  fources  of  human 
infelicity,  and  yet  we  are  too  apt  to  indulge  both 
in  all  the  objeds  of  our  will  znd  judgment ,  the  con- 
fequences  of  which  is  our  frequent  mifcarriagcg 
in  the  purfuits  both  of  bappinefs  and  knowledge. 

Mankind  are  always  ready  to  adopt  or  reject 
what  accords  with  pre-cpnceived  opinions,  to  make 
reafon  fubfervient  to  prejudicp,  and  to  rejedl  with- 
out examination,  whatever  is  d^fcordant  with  a 
received  fyftem ;  thus  clofmg  the  door  of  fcience, 
and  excluding  themfelves  from  the  benefit  of  light* 
We  are  told  of  a  Florentine  philofopher,  whofe  prc^ 
iudices  had  taken  fodeep  root,  that  he  could  never 
be  perfuaded  to  look  through  one  of  Galileo's  te- 
lefcopes,  left  he  Ihould  fee  fomething  in  the  hea- 
vens that  might  difturb  his  bq^ief  of  the  Ariftotclian 
philofophy, 
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The  principal  and  fureft  ftep  towards  the 
jpofleflion  of  the  good  we  feck,  is  our  love  of  and 
affediion  for  the  objed:;  this  quickens  indufVry,  and 
Iharpens  attention ;  fo  that  the  love  of  truth  is  the 
beft  means  of  fucceeding  in  the  fearch  of  it.  There 
is  hardly  any  one  who  fufpeds  he  wants  this  love, 
and  yet  how  few  are  there  whom  their  confidence 
does  not  deceive.  We  miftake  the  love  of  our 
opinions  for  the  love  of  truth,  becaufe  we  fuppofe 
our  own  opinions  to  be  true ;  and  yet  for  the  moft  part 
they  have  been  received  upon  credit,  and  are  con- 
fequently  more  likely  to  be  falfe.  The  love  of  our 
opinions  is  in  this  cafe  the  love  of  error,  and  the 
alfedlions  being  mifplaced  are  a  greater  impediment 
in  the  purfuit  of  truth,  than  if  we  had  no  affec- 
tions at  all  concerning  it. 

You  Ihould,  therefore,  fct  out  in  the  fearch 
of  truth  as  of  a  ftranger,  not  in  fearch  of  arguments 
to  fuppoit  your  own  opinions,  and  endeavour  to 
maintain  your  mind  in  a  ftate  of  equilibrium,  an 
indifference  for  every. thing  but  known  and  well 
attefted  truth,  totally  regardlefs  of  the  place  from 
whence  it  comes,  or  that  to  which  it  tends;  being 
fully  perfuaded  that  truth,  no  more  than  it's  author, 
cgn  link  to  the  level  of  our  ignorance ;  but  that  by 
a  proper  cultivation  of  our  reafon  we  may  rife  to 
truth,  may  reach  it's  fublimeft  height,  it's  refidencc 
i>car  the  footftool  of  the  Almighty.* 

Of  the  Barometer  or  Torricellian  Vacuum, 

An  account  of  the  origin  of  the  barometer  will 
be  a  ftrong  confirmation  of  the  truth  of  thefe  pofi- 
tions ;  it's  hiftory  is  fo  conneded  with  that  of  found 
philofophy,  that  the  one  naturally  recalls  the  other 
to  the  mind.  The  torricellian  experiment  on  which 
it  is  founded,  like  a  river  fmall  in  it's  origin,  but 

large 
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large  in  it's  progrefs,  has  been  the  happy  means 
of  fpreading  light  through  nations  who  are  even 
yet  ignorant  pi  it's  name,  and  been  produdtive  of 
benefits  to  thofe  who  are  unacquainted  with  it's 
principles. 

Till  the  lafl:  century,  mankind,  though  loaded 
aijd  compreffed  by  the  weight  of  the  atmofpherc^ 
refufed  to  acknowledge  it's  adtion.  In  vain  all  na- 
ture depofed  that  the  air  was  heavy  and  claftic, 
they  (hut  their  eyes  to  it's  teftimony.  Water  was 
raifed  in  pumps,  and  ran  through  fyphons  in  for- 
mer times  as  at  prefent.  The  fides  of  a  pair  of 
bellows,  whofe  apertures  are  clofed,  were  then  aa 
now  feparated  with  difficulty,  children  fucked,  the 
air  entered  rapidly  into  the  lungs  at  each  infpira- 
tion,  cupping  glafles  were  ufed  to  raife  the  flelh ; 
yet  notwithft:anding  thefe  manifeft  proofs  of  the 
weight  of  the  air,  ancient  philofophers  maintained 
that  it  bad  no  weight,  exerted  no  prejfure  ;  and  ex- 
plained all  thefe  phenomena  by  a  horror  which  they 
fuppofed  nature  to  have  for  a  vacuum,  contenting 
themfel  ves  with  thinking  after  Arift:otle,  that  nature 
hated  a  void,  and  therefore  made  all  poflible  hafte 
to  fill  it,  when  the  art  of  man  had  made  one. 
This  is  not  the  only  inftance  that  will  occur  in  your 
refearches  after  truth,  in  which  you  will  find  words, 
alone,  feparated  from  the  ideas  annexed  to  them,  and 
from  all  explication  of  the  operation  which  they 
effeft,  have  been  imagined  fufficient  to  account  for 
phyfical  phenomena,  though  they  leave  us  as  defti- 
tute  of  all  information  as  we  were  before  we  ufed 
them. 

You  will  be  more  furprized  that  mankind 
ihould  continue  in  error,  after  they  had  perceived 
and  acknowledged  that  this  horror  had  it's  limits* 
It  was  not,  however,  till  the  17th  century,  that  they 
began  to  try  what  were  the  boundaries  of  this 
horror. 

Some 
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Some  plumbers  belonging  to  the  Duke  of  FI<3-» 
rence,  wanting  to  raife  water  50  or  60  feet  high^ 
endeavoured  to  effedt  it  by  what  is  called  a  common 
fucking  pump ;  notwithftanding  they  ufed  all  pol^ 
lible  care  in  the  conftrudion,   they  could  not  raile 
water  higher  than  32  feet.  Tired  out  with  repeated 
trials,  they  applied  to  Galileo,  one  of  the  fathers  of 
modern  philofophy,  for  a  folution  of  their  difficul- 
ties :  for  if  the  water  rofe  on  account  of  nature*s 
horror  for  a   vacuum,  it  would  follow  that    water 
might  be  raifed  to  any  altitude,  for  why  fhould  na- 
ture have  a  greater  averfion  to  one  height,  than  to^ 
another  ?  it  was  therefore  confidently  afferted  by 
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mena  of  nature,  contrived  to  give  learned  names  to 
tiietr  unknown  caufes,  and  fed  men  with  hulks  of 
l^arbarpus  terms,  inftead  of  the  fruits  of  real  krfow- 
ledge.^  At  length  men  grew  wifer  by  the  folly  of 
thofe  that  went  before  them,  and  a  different  me- 
thod of  ftudying  nature  was  invented  and  purfued? 
In  which  fancy  was  excluded,  and  fail  only  allowed 
.for  afolid  ground  of  phyficaf  progreflion. 

The  discovery  of  the  barometerhy  Toricellius* 
in  1643,  ^^  ^^^  ^^  ^^^  fi^^ft  effedts  of  thefe  re- 
fearches.  He  formed  the  firft  rough  modeLof  a 
barometer  in  a  pipe>  or  tube  of  60,  and  afterwards 
«f  40  feet  in  length;  which  being  immerged  and 
fufpended  m  a  veflel  of  water,  and  the  air  extraAed 
by  a  fyringe^  the  water  was  always  found  to  rife  and 
continue  Uifpended  at  the  height  of  32  or  33  feet, 
with  fome  fmall  variation,  but  could  by  no  art  be  . 
drawn,  or  kept  up  to  the  height  of  38  or  40  feet. 

But  this  inftrumcnt  being  of  an  unmanagc-. 
able  length  and  fize,.  Torricellius  confidcred  that 
the  quickfilver  endeavours  to  defcend  by  it's  gra-» 
vity,  with  a  force  equal  to  that  by  which  it's  de- 
fcent  is  prevented;  and  compjiring  the  fpecific  gra- 
vities of  the  two  fluids,  and  filling  a  tube  of  glafa 
with  quickfilver  inftead  of  water,  he  found -the  ef- 
fect: equally  and  furprizingly  to  anfwer>  and  by  the 
advantage  offo  weighty  a  fluid,  he  reduced  the  ba- 
rometer in  it's  length  from  40  feet  to  32  inches; 
the  water  being  raifed  as  much  higher  as  it  wa.^- 
lightejr  than  the  mercury.  Hence  Torricellius 
concluded,  that  they  were  both  fupported  by  the 
feme  counter-weight,  and  that  this  counterpoize 
was  the  air  ^  and  you  will  fee  by  other  experiments^ 
that  when  this  counterpoise,  or  the  external  pref- 
fare  of  the  air,  is  removed,  the  mercury  falls  into^ 
the  bafon. 

•  Rcid  on  the  IntcH^ftual  Powers  of  the  Human  Mind>  p.  »a7» 

Digitized  byCjOOglC 


32       Lectures  on  Natural  Piiilosopiiy. 

^0  fill  a  harometer  tube.  I  take  a  clean  warm 
glafs  tube  about  33  inches  long,  and  pour  quick- 
lilver  into  it  by  means  of  a  fmall  paper  funnel;  you 
obfcrve,  that  as  the  quickfilver  rifes  in  the  tube, 
there  are  bubbles  of  air  left  behind  in  feveral  parts; 
I  continue  pouring  the  quickfilver  till  it  fills  the 
tube  within  about  half  an  inch  of  the  top.  I  then  apply 
my  finger  hard  and  clofe  upon  the  top  of  the  tube, 
and  invert  it ;  by  which  means  the  air  that  was  on 
the  top,  now  rifing  through  all  the  quickfilver,  ga- 
thers every  bubble  in  it's  way.  I  revert  the  tube  or 
turn  it  up  again,  and  the  bubble  of  air  reafcends, 
and  if  there  are  any  fmall  bubbles  left,  carries  them 
away ;  if  however  any  remain,  the  operation  muft 
be  repeated.  I  now  fill  the  tube  to  the  top, 
and  placing  my  finger  on  the  open  end  of  the  tube, 
plunge  that  end  into  this  bafon  of  quickfilver;  when 
the  end  of  the  tube  is  perfedlly  Submerged  in  the 
quickfilver,  I  take  my  finger  away,  and  you  fee  the 
quickfilver  remains  fufpended  in  the  tube,  leaving 
a  vacuum  at  top.  The  column  of  quickfilver  is 
about  30  inches  in  height,  now  you  will  obferve 
that  there  can  be  no  ^ir  in  the  fpace  between  the 
quickfilver  and  the  top  of  the  tube,  for  till  the  fin- 
ger that  clofcd  the  orifice  in  the  bafon  was  taken 
away,  that  fpace  was  filled  with  quickfilver,  and 
the  quickfilver  which  was  33  inches  high,  funk 
in  the  tube,  and  left  that  fpace  free  from  air,  for 
no  air  could  get  into  the  tube,  unlefs  it  could 
force  it's  way  through  the  quic^kfilver  in  the  bafon, 
and  the  30  inches  in  the  tube;  or  penetrate 
through  the  fealed  end  of  the  tube  :  but  as  neither 
of  thofc  can  be  done,  it  follows,  that  in  the  part  of 
the  tube  which  the  quickfilver  leaves,  there  muft 
be  a  vacuum. 

This  experiment  was  foon  communicated  ta 
the  literati  of  Europe,  w  ho  led  by  the  bright  exam- 
ples of  Galileo  and  Bacon,  were  then  juft  emerging 
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from  the  darknefs  of  the  fchools,  and  in  qtieft  of 
n^w  difcoveries.  Among  others  it  had  the  happinefs 
of  engaging  the  attention  of  the  defervedly  cele- 
brated Pafcal,  a  man  who  was  as  remarkable  for 
unfeigned  piety>  as  for  extent  of  genius.     He  foon 
rendered  evident,  what  had  as  yet  been  confidered 
onh  :is  probable.     His  experiments  are  too  nume- 
rous to  be  inferted  here :  there  is  one  however  which 
ftiuft  be  noticed,  not  only  becaufe  it  is  a  fatisfac^ 
tory  proof,  that  the  preflTure  of  the  air  fupports  the 
mercurial  column  in  the  barometer,    but  alfo  be- 
caufe it  pointed  out  a  very  important  ufe  of  this 
inftrument,   namely,   that  of  meafuringthe  i??^/g*Z?/x 
of  mountains.  As  there  is  always  fomething  to  be 
gained  by  hearing  Pafcal  fpeak  for  himfelf,    I  (hall 
read  to  you  a  letter  he  wrote  in  1 647,  to  Mr.  Per- 
ricr  his  brother-in-law.  ''  I  have  thought/'  fays  he, 
•*  of  an  experiment,  which,  if  it  can  be  executed  with 
accuracy,   will  alone  be  fufficient  to  elucidate  this 
fubjed.     It  is  to  repeat  the  torricellian  experiment 
fcveral  times  in  the  fame  day,  with  the  fame  tube 
and  the  fame  mercury,  fometimes  at  the  foot,  fome- 
times  at  the  fummit  of  a  mountaip  5  or  600  fathoms 
in  height.  By  this  means  we  Ihall  afcertain,  whether 
the  mercury  in  the  tube  wiH  be  at  the  fame  or  a 
diflferent  height  at  each  of  thefe  ftations.     You  per- 
ceive without  doubt  that  this  experiment  is  deci-^ 
five.     For  if  'tTie  column  of  mercury  be  lower  at" 
the  top  of  the  hill,  than  at  the  bafe,  as  I  think  it 
will,  it  clearly  follows  that  the  preflure  of  the  air 
is  the  fole  caufe  of  the  fufpenfion  of  the  mercury 
in  the  tube,  and  not  the  horror  of  a  vacuum ;  as  it 
is  evident  there  is  a*  longer  column  of  air  at  the  bot- 
tom of  the  hill,   than  at  the  top  :  but  it  would  be 
abfurd  to  fuppofe,  that  nature  abhors  a  vacuum 
more  at  the  bsie,  than  at  the  fummit  of  a  hill.  For 
if  the  fufpenfion  of  the  mercury  in  the  tube  is  ow- 
ii^  to  the  prelTure  of  the  air,  it  is  plain  it  mul\  be 
Vol.   L  D  c^iuaA 
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equal  to  a  column  of  air,  whofe  diameter  is  the 
fame  with  that  of  the  mercurial  column,  and  whofc 
height  is  equal  to  that  of  the  atmofpherc,  from  the 
furiace  of  the  mercury  in  the  bafon.  Now  the  bafe 
fcmaining  the  famcj  it  is  evident  the  prcflliFe  will 
be  in  proportion  to  the  height  of  the  column,  and 
that  the  higher  the  column  of  the  air  is,  the  longer 
will  be  the  column  of  mercury  that  will  be  fuftaincd. 
M-  Perricr  tried  this  experiment  on  the  puideDome 
in  the  manner  prefcribcd  by  M.  Pafcal,  whofe  con- 
jedurcsitperfedly  verified,  for  the  mercury  in  the 
barometer  fell  in  proportion  as  M.  Pcrrier  afcen- 
dcd  the  mountain. 

Other  proof:^  af  the  fame  truth  are  pleafingly 
obtained  from  the  air-pump:  for  by  this  inftrument 
we  can  fhew  what  will  happen  when  the  preffure 
of  the  air  is  removed  from  the  barometer.  For 
this  puFpofc  I  place  this  barometer  on  the  plate  of 
the  pump,  putting  a  long  receiver  over  it.  (jig.  1 1, 
//.  3O  I  begin  working  the  pump,  and  you  fee 
the  mercury  immediately  defcends,  and  that  it  con- 
tinues defcending  in  the  tube,  and  going  into  the 
,  jar  all  the  while.  I  am  exhaufting  the  air ;  when 
there  is  no  air  left,  there  is  no  mercury  fufpended^ 
A  column  of  30  inches  was  fufpended  whilft  theair 
preflcd  freely  on  the  mercury  ;  but  this  height  de- 
creafedas  the  prcfluregrcM' lefs,  and  none  is  fup- 
ported  when  that  preffure  is  removed.  The  pref- 
fure of  theair  being  the  power  by  which  the 'mer- 
cury is  fuftained  in  the  barometer,  it  is  a  confe- 
qucnce  that  on  the  removaLof  the  air  from  the  mer- 
cury's furface,  the  mercury  in  the  tube  muft  de- 
fcend.  It  is  plain  that  it  is  the  weight  of  the  air 
that  fupports  the  mercurial  column.  This  conclu-^ 
l\on  is  confirmed  by  the  readmiflion  of  the  air  into 
the  receiver ;  for  on  my  doing  this,  you  fee  that  the 
mercury  which  had  before  fallen  out,  is  now  pref- 
fed  into  the  tube,  and  rifes  therein  till  it  (lands 
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li^in  at  it's  former  height.  A  barometer  inclu- 
ded in  the  receiver  of  an  air-pump,  is  of  great  ufe 
in  afcertaining  the  preflute  of  the  air  remaining 
in  it  after  having  been  partly  exhaufted.  For  thi^ 
prcflTurc  will  always  be  to  the  preffure  of  the  at- 
mofphere  on  a  given  furface,  as  the  height  of  the 
mercury  in  the  tube  is  to  the  ftandard  altitude* 
The  barometer  when  applied  to  this  ufe  is  calle<l 
^  gunge.  There  is  another  kind  of  guage,  (A, Jig.  i, 
pi.  ij  confiding  of  a  Ihort  tube  hermetic'ally 
fealed  at  one  end,  filled  with  quickfilver,  and  in- 
verted with  the  open  ehdinto  a  fmall  jar  of  quick- 
filver,  and  placed  on  a  fmall  plate  communicating 
with  the  receiver.  Now  as  the  barometer  fhews 
the  degree  of  exhauftionby  it's  rifing,  fo  thisguage 
ftews  how  far  the  air  is  exhauft:ed  by  the  defcent 
of  the  quickfilver :  for  as  the  air  is  drawn  out  of 
the  receiver,  it  is  at  the  fame  time  drawn  out  of 
the  glafs  placed  over  the  guage,  and  coilfequently 
ifs  preflTure  on\he  quickfalver  in  the  bafon  being 
conftantly  diminiflied,  it  will  at  length  become 
lefs  than  the  weight  of  the  mercury  in  the  tube, 
at  which  time  the  mercury  will  begin  to  fubfide ;  and 
as  the  air  is  further  exhaufted,  will  ftill  fink  lower^ 
till  at  laft  it  will  Hand  but  a  very  fmall  height 
above  the  furface  of  that  in  the  jar. 

I  ftiall  give  you  one  proof  more  by  an  expc- 
riracnt  of  fo  fimple  a  nature,  that  you  nriay  eafily 
repeat  it ;  no  apparatus  is  required,  but  a  glafs 
tube  open  at  both  ends ;  with  this,  fome  mercury 
and  a  piece  of  bladder,  you  may  readily  prove  to 
any  of  your  companions,  the  principles  on  which 
fo  heavy  a  fluid  as  mercury  remains  fufpended  in 
the  barometer.  Here  is  a  tube  of  glafs,  about  ^^ 
inches  long,  open  at  both  ends ;  I  fliall  clofe  one 
of  the  ends  with  this  piece  of  wet  bladder,  tyinig 
it  faft  thereon.  I  now  fill  the  tube  as  I  did  the 
barometer,     put    my   finger  on  the   open  end, 
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and  immerge  the  end  covered  by  my  finger  in  this 
veffel  of  mercury  without  letting  in  any  air;  I 
take  away  my  finger,  and  you  perceive  that  a  part 
of  the  mercury  precipitates  itfelf  into  the  bafon, 
and  the  reft  remains  fufpended  as  in  our  former 
experiments.  You  obferve  alfo,  that  the  bladder 
is  forced  into  the  tube,  being  convex  on  the  fide 
next  the  mercury.  I  (hall  now  make  a  hole  in  the 
bladder  with  a  fine  needle;  you  fee  with  what 
velocity  the  mercury  is  precipitated  into  the 
bafon  ;  the  column  of  air  that  entered  at  the 
top,  being  equal  to  that  by  which  the  mercury 
was  fufpended,  the  mercury  defcends  by  it's  own 
weight. 

Though  thefe  experiments  render  this  fubjecT: 
fo  plain  and  evident,  yet  on  it's  firft  difcovery,  it 
had  to  ftruggle  with  the  prejudices  of  thofe  who 
had  been  accuftomed  to  thmk  only  in  a  certain 
fyftematicway,and  who  could  notbeprevailedon  to 
abandon  their  favourite  opinions.  The  various 
fubterfuges  employed  at  this  period,  and  their  con- 
futations, may  be  feen  in  the  works  of  Pafcal, 
Boyle,  and  Power.  By  degrees,  however,  the  ex- 
periment you  have  feen  foftened  ancient  preju- 
dices, the  prepoflefiions  in  favour  of  an  abfurd 
fyftem  vanifhed,  and  the  weak  opinion  by  which 
the  multitude  is  governed,  began  to  loft  it's  in- 
fluence. 

You  have  feen  the  preflure  of  the  air  down- 
wards; I  Ihallnowfhew  you  the  addon  of  this  prcf- 
fure  in  diiFerent  direcjlions,  for  like  other  fluids 
it  prefles  equally  every  way.  I  have  here  a  tube 
for  the  torricellian  experiment  with  a  lateral  open^ 
ing  covered  by  a  bladder;  I  fill  and  invert  it,  as 
in  the  preceding  cafes,  and  you  fee  the  mercury 
remains  fufpended  as  before ;  I  pierce  the  bladder, 
and  the  air  which  enters  by  this  aperture,  di-« 
vides  the  colunui   of  mercury  into    two   parttj 
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forcing  one  downwards  into  the  ba(bn»  an4 
carrying  the  other  upwards  with  great  violence 
agsiinft  the  top  of  the  tube ;  thus  Ihewing  you  the 
adionof  the  air  in  two  different  direftions. 

Here  is  a  barometer  properly  filled,  and  inuner- 
fed  in  a'  bafon  of  mercury ;  the  bafon  is  fo  deep,  thac 
you  may  lift  the  tube  up  a  good  way,  without 
raifing  the  lower  orifice  above  the  furface  oT  the 
mercury ;  you  will  find  that  on  lifting  the  tube 
you  raife  a  weight  equal  to  that  of  the  column  of 
mercury  fuftained  in  it.  That  this  is  not  the 
weight  of  the  mercury,  is  evident  from  this  con- 
iideration,  that  in  lifting  the  tube  you  do  not  raife 
the  mercury,  the  tube  riles  by  itfelf,  and  flips  over 
the  column  of  mercury  contained  in  it ;  the  top 
of  this  column  being  no  further  from  the  furface 
of  the  flagnant  mercury  after  you  have  lifted  up 
the  tube,  than  it  was  before.  Neither  indeed  ought 
the  weight  of  the  mercury  in  the  tube  to  be  felt ; 
for  the  preflure  of  the  atmofphere  upwards  fupports 
that  weight.  But  as  the  preflure  upwards  is  thus 
counterpoized  by  the  mercury  in  the  tube,  there 
is  nothing  to  fupport  and  counterad:  the  weight 
of  the  column  of  air  which  preflcs  downwards  upon 
the  top  of  the  tube.  This  preflure  will  therefore 
be  felt  in  lifting  the  tube,  and  as  it  is  equal  to 
the  weight  of  30  inches  of  mercury,  lifting  this 
prefllire  is,  as  to  fenfe,  juft  the  fame  as  lifting  the 
weight  of  mercury  in  the  tube. 

From  thefe  experiments  it  is  evident,  that  the 
furface  of  the  globe  on  which  we  live  fuftains  an 
ocean  of  air,  that  is  circumfufed  about  it  to  a  con^ 
fiderable  height.  The  inhabitants  on  if  s  furface 
refcmWe  therefore  the  fifhes  at  the  bottom  ofthd 
ocean ;  lik^  them  we  are  furroundcd  by  a  fluid  that 
rifes  far  above  our  heads.  1 

A  fquare  column  of  quickfilvcn  ^9  i  inched 

h^h,  4nd  I  inch  in  diameter,  is  eftimated  to  wciah 

P  3  15  pounds^ 


Digitized  byCjOOQlC 


J 8      Lectures  on  Natural  Philosophy. 

15  pounds.  Such  then  at  a' medium,  is  the  prcf- 
fure  of  the  air  on  every  fquare  inch  of  the  earth's 
furface ;  and  as  a  fquare  foot  contains  144  fquare 
inches^  the  preflure  muft  be  144  times  as  much, 
or  2160  pounds  on  every  fquare  foot;  fo  that  a 
middle  fized  man,  v^hofe  furface  may  be  eftimated 
at  14  fquare  feet,  fuftains  a  preffure  of  3024O 
pounds. 

The  following  is  a  computation  of  the  weight 
of  all  the  air  which  preffes  upon  the  whole  furface 
of  the  earth.  If  this  weight  were  to  be  ex- 
prcfTed  by  the  number  of  pounds  it  contains,  that 
number  would  be  fo  large  as  to  be  in  a  manner  in- 
comprehenfible.  We  fhall  therefore  make  ufe  of 
another  mode  of  expreffing  it,  by  determining  the 
diameter  of  a  fphere  of  lead  of  the  fame  weight 
with  all  the  air  which  prelfes  upon  the  whole  fur- 
face of  the  earth.  That  diameter  is  found  to  be 
nearly  60  miles  long.*  Great  as  this  preflure  is, 
the  removal  thereof  would  prove  a  caufe  of  im- 
mediate death.  We  even  as  it  were  enjoy  the 
load,  and  ''  it  is  as  wings  to  our  feet,  and  iinews 
to  our  limbs.'*  Sounds  travel  through  it  with 
great  rapidity ;  odours  and  emanations  of  all  kinds 
tind  no  difficulty  in  moving  it  forward,  and  prefling 
it  afide. 

Though  our  bodies  fupport  a  weight  of  nearly 
two  tons,  you  need  not  wonder  at  the  freedom  with 
which  you  traverfe  the  atmofphere,  fince  you  fee 
fifh  move  with  as  great  eafe  in  a  much  more  denfe 
and  more  weighty  element.  You  are  not  fenfible 
«f  this  enonnous  weight,  becaufe  you  have  been 
accuftomed  to  it,  and  fupported  it  from  your  ear- 
lieft  infancy.  Senfations  to  which  we  have  been 
ahways  and  at  all  times  accuftomed,  are  feldom 
felt ;  we  can  perceive  no  differences  where  we  can 
kave  no  ftandard  to  judge  of  variation.  Divine 
Frovidencc    has  alfo  counteradled  this   preflufc 

by 
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hf  the  fpringof  the  air  which  is  diffufed  through 
the  whole  body.  We  therefore  do  not  feel  the 
vcight  of  the  incumbent  atmofphere ;  firft,  becaufe 
it  is  counteraded,  and  fecondly,  becaufe  it  has  al- 
ways ad:ed  upon  us,  and  we  cannot  remove  frow 
it's  prefliire.  • 

Of  the  Elasticity  or  Spring  or  the  Air^ 

yfir  is  elaftic  and  comprefftble.     It    is    com- 
})rcflible,  for;  the  parts  may  be   brought  clofe  to* 
gether,  and  made  to  occupy  a  fmaller  fpace  ;  but 
when  that  force  is  removed,  it  expands  oriprings 
out  again^  (o  as  to  occupy  the  fame  fpace '  it  did 
before  it  was  comprel&cL     This  property  difCri- 
mi  nates  air  from  many  other  fluids ;  thus  a  quan^^ 
tity  of  water,  mercury,  &c,  of  any  given  magni- 
tude, can  never  be  reduced  in  it's  dimenlions  fo 
as  to  occupy  a  fmaller  portion  of  fpace ;  whereas 
air  -wili  by  compreffion  fuftbr  a  very  great  dimi- 
nution of  it's  bulk.     In  other  words  the  air  con- 
lifts  of,  or  at  leaft  abounds  with,  parts  of  fuch  \ 
nature,  that  in  cafe  they  be  compreffed,  and  thpre^ 
by  reduced  into  lefler  dimenlions,  cither  by  th^ 
weight  of  the  incumbent  atmofphere,  or  by  any 
other  force,  they  endeavour  as  much  as  m  them 
lies  to  free  themfclves  froor  that  preflure,  and  re^ 
gain  their  former  dLmenliom  by  bearing  againft 
the  contiguous  bodies  that  keep  them  ia,     Thi^ 
propcnfity  may  be  illuftrated  by  a   comparifon. 
Here  is  a  handful  of  wool  which  I  prefs  clofe  to- 
gether, and  reduce  into  a  finall  compafs ;  I  open 
my  hand,  and  it  recovers  it's  former  bulk  from  the 
natural  fpring  of  the  fibres^     The  air  is  always 
compreffed  by  it'«  own  weight,  and  the  expanfion 
of  the  contiguous  air;  cpnfequently  the  air  in' a 
valley, is  more  compreffed  than  that  on  the  top  of 
a  mountain.     It  may  therefore  be  compared  to 
piany  fleeces  jof  wool  laifi  one  upon  the  other ;  ic 
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is  evident  that  as  the  lower  ftrata  fupport  th# 
weight  of  the  fuperior  ones,  they  will  be  more 
loaded  than  the  upper  ones,  i^nd  will  confcquently 
be  flattened,  and  have  lefs  bulk  with  the  fame 
mafs,  and  therefore  be  more  denfe  or  compa<ft. 
The  denfity  of  the  next  upwards  will  be  lefs,  be- 
caufe  it  will  fupport  lefs  weight,  and  fo  of  the 
remainder.  It  is  thus  alfo  with  air. 

To  fhew  you  that  the  air  is  elaftic,  I  have  no 
occafion  for  any  inftrument,  as  it  will  be  fuffi- 
ciently  proved  by  your  only  prefling  this  bladder 
bet^^een  your  hands.  You  find  that  the  force  yoii 
exert,  reduces  the  air  contained  in  the  bladder  into 
a  lefs  fpace,  but  that  as  foon  as  you  ceafe  to  prefs, 
it  immediately  expands  and  fills  the  fame  fpace  as 
before.  You  may  even  perceive,  while  you  com- 
prefs  it,  a  very  great  endeavour  to  free  itfelf  from 
the  violence  you  offer  to  it. 

The  elaftic  ity  of  the  air,  the  fecond  great 
fource  of  the  effects  of  this  important  fluid,  was 
Jirft  afcertained  by  fome  experiments  of  Lord  Ba- 
con, the  friend  and  father  of  modern  philofophy, 
who  upon  this  principle  conftrudted  his  firft  ther- 
mometer, which  he  called  his  vitrum  calendars 

In  confequence  of  this  elaftic  principle,  the 
air  always  endeavours  to  expand  itfelf,  and  oc- 
cupy more  fpace.  Here  is  a  bladder  containing 
only  a  fmall  quantity  of  air,  the  neck  is  tied  dole 
to  prevent  the  air  from  efcaping ;  fo  long  as  this 
bladder  is  expofed  to  the  common  preffure  of  the 
atmofphere,  it  will  remain  in  the  fame  ftate,  the 
external  and  internal  air  being  of  the  fame  den- 
fity ;  but  when  I  put  it  under  this  receiver,  and  be- 
gin to  rarify  the  external  air  by  working  the  pump, 
the  fide  of  the  bladder,  which  before  was  flabby 
knd  lax,  ftretches  itfelf  but  and  beconws  tight, 
being  raifed  up  by  the  elaftic  power  of  the  air 
viihia  it.  (J^g.  10, pL  i.)  When  I  let  in  the  ex- 
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|temal  air,  the  bladder  returns  to  it.*s  formei* 
ihape,  the  external  air  prefling  down  the  bladder 
Jill  the  internal  air  is  reduced  to  a  denfity  capa- 
Me  of  countera(iting  and  fupporting  the  whole 
weight  of  the  atmofphere. 

Though  only  a  fmall  quantity  of  air  was  con- 
tained in  the  bladder  defigned  for  the  preceding 
exf>eriment,  yet  that  fmall  quantity  is  capable  of 
railing  a  confiderable  weight.     I  put  it  in  this  box^ 
cover  it  with  thefe  leaden  weights,  place  it  on  the 
plate  of  the  pump  with  a  receiver  over  it.  {fig.  6, 
pL  2.)     In  proportion  as  I  exhauil  the  air,  the 
bladder /wells,  raifing  the  incumbent  weight;  on 
thcreadmiflion  of  the  air,  the  weights  fublide  to 
their  former  fituation.     As  you  have  feen  fo  fmal! 
a  quantity  of  iir  lift  fo  confiderable  a  weight,  you 
.  wni  be  lefs  furprized  when  I  inform  you,  that  by 
blowing  into  a  bladder  very  large  weights  may  be 
raifed.     Sturmius  conneded  feveral  bladders  with 
a  pipe  in  fuch  a  manner,  that  there  was  a  free 
•  communication  from  the  pipe  to  all  the  bladders ; 
lie  then  placed  a  mill-ftone  on  the  bladders,  and 
was  able  to  raife  it  fenfibly  by  blowing  ftrongly 
with  the  mouth  into  the  pipe. 

Here  is  a  thin  bottle  with  flat  fides,  there  i$^ 
a  cork  in  the  neck,  and  the  cork  is  covered  over 
with  cement  to  prevent  the  air  withii^  the  glafs 
from  efcaping ;  I  Ihall  place  it  under  a  receiver, 
putting  this  cage  previoufly  over  it.  I  work  the 
pump,  and  as  foon  as  the  air  is  fufficiently  rarified, 
the  fpring  of  the  air  within  will  dilate  with  fo 
much  force  as  to  break  the  bottle.  This  experi- 
'  ihent  has  given  rife  to  a  problem,  in  which  the 
iform  of  a  phial  is  required  capable  of  fo  re- 
filling the  force  of  the  included  air,  as  not  to 
break  when  the  external  prefFure  was  taken  off. 
This  form  was  determined  to  be  a  fphere,  in  which 
^ith  the  fame  mafs,  you  have  the  greatcft  bulk 
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uader  the  leaft  furface ;  confequently,  a  bottle  of 
^his  form  will  be  the  ftrongeft  that  can  be  made 
cut  of  the  fame  mafs  or  quantity  of  materials. 

I  place  this  fhrivelled  apple  under  areceiver> 
and  exhauft  the  air  therefrom ;  the  Ikin  fwells  as 
jbon  as  I  begin  to  work  the  pump,  the  wrinkles 
ifill  up,  and  the  apple  now  appears  as  one  frefli 
gathered  I  let  in  the  air,  and  it  returns  to  it's 
withered  ftate. 

In  the  doubling  of  the  film  at  the  large  end 
of  an.  egg,  there  is  inclofed  a  fmall  quantity  of 
air;  this  air  being  dilated  by  the  warmth  of  the 
hen,  prefTcs  on  the  contents  of  the  egg,  and  contri- 
butes to  the  formation  and  production  of  the 
chicken*  This  included  air  will  afford  us  a  very 
pleafing  experiment,  iiluftrative  of  it's  expanfivc 
force.  Let  us  break  off  about  one  third  part  of 
the  fhell  at  the  fmall  end  of  the  egg,  invert  it, 
fhrow  away  the  contents,  then  place  it  under  a  re- 
ceiver, and  exhauft  the  air  therefrom.  You  fee 
that  the  air  which  is  between  the  (hell  and  the 
fkin  dilates,  and  fwells  the  Ikinfo  much  beyond  the 
broken  part,  that  the  egg  appears  as  if  it  were 
whole.  You  may  vary  this  experiment  by  making  a 
kittle  hole  at  the  fmall  end  of  an  egg,  then  place 
it  in  this  apparatus  with  the  fmall  end  downwards, 
^nd  put  the  whole  under  a  receiver  with  a  fmall 
jar  to  receive  the  contents  of  the  egg.  On  work- 
ing the  pump,  the  air  within  will  dilate,  fo  as  to 
force  the  white  ancl  yolk  out  through  the  hole  in 
the  egg.  If  the  jar  be  conical,  and  the  egg  be 
let  down  gradually,  fhe  white  and  yolk  will  be 
forced  up  again  on  the  rcadmiflion  of  air ;  or  if 
fhefe  be  thrown  away,  and  water  be  fubftituted  in 
f  heir  place,  the  infide  pf  the  egg  may  be  walhed, 
and  afterwards  in  the  farne  mannpr  filled  with 
cream  of  any  other  fluid^ 
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The  next  experiment  will  Ihew  you  how  na- 
turally the  air  will  force  itfelf  out  by  it's  fpring, 
from  any  veflel  in  which  it  is  contained,  when  the 
preflTurc  of  the  external  air  is  taken  away.     This 
phial  with  a  long  neck  is  commonly  called  a  bolt^ 
bead.      I  put  the  neck  into  a  tumbler  of  water, 
and    both  under  a  receiver  on  the  pump,  (fig.  1 8, 
pL  I.)    By  diminifhing  the  mafs  of  air  within  the 
receiver,     I    weaken    proportionably   the    fpring 
thereof,  and  confequently  it's  preflure  upon  the 
air    within  the   bolt-head;  this  difcharged  of  a 
part    of  it's  weight,  dilates  and  efcapes  from  the 
bottle  in  the  form  of  bubbles,  which  being  lighter 
than  water  afcend  through  it,  and  burft  upon  it's 
furface  :  this  will  laft  till  the  power  of  expanfion 
is  too  Meak  to  overcome  the  incumbent  preflure. 
Let  us  now  fee  what  will  be  the  confequencc  of 
readmitting  the  air  into  the  pump,  the  external 
air  being  more  denfe  than  that  in  the  bottle,  and 
yielding  to  this  excefs  of  preflure,  the  water  will 
enter  the  orifice,  and  meeting  with  little  or  no  rc- 
fiftance,    will  mount   therein  till  the  remaining 
mafs  of  air  is  reduced  to  the  fame  denfity  with  the 
external  air.     The  little  bubble  at  the  top  of  the 
bolt-head,  is  what  remained  after  the  exhauft:ion, 
and  is  now  condenfed  into  a  fmall  fpace.     You  fee 
how  fmall  a  quantity  of  air  remains  when  com- 
pared to  the  whole  at  firfl:  contained  in  the  globe, 
or  to  the  bulk  of  water  now  in  it,  which  is  equal 
to  the  quantity  of  air  extradled.     You  may  per- 
ceive by  this  experiment,  that  the  fpring  of  the 
air  is  equal  to  the  weight,  as  it  produces  an  equal 
eifeft ;  for  while  the  fpring  of  the  air  was  lefs  than 
the  weight  of  the  external  air,  the  water  kept  rifing 
in  the  globe ;  but  when  the  fpring  became  equal 
to  the  external  preflTurc,  the  water  was  fubjedl  to 
both  their  influence,  and  finding  it  equal  on  cither 
fide,  could  no  longer  move. 
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Now  let  us  again  exhaufl:  the  air  from  the  re- 
ceiver ;  I  have  no  fooner  moved  the  handle  than 
the  water  begins  to  dcfcend,  the  bubble  of  air  ex- 
pands, and  forces  the  water  gradually  out  of  the 
bottle. 

By  this  time  you  may  fee,  that  unlefs  the  air 
was  elaft'ic^  it  could  not  be  exhaufted  out  of  a  clpfe 
veflel.  If  the  vefTcl  was  filled  with  water,  and 
there  was  no  orifice  but  where  the  pump  was  Screw- 
ed on,  though  a  vacuum  be  made  by  drawing  up 
the  pifton,  yet  no  water  would  rife  out  of  the  veflTel 
into  that  vacuum  ;  for  the  water  is  raifed  into  a 
vacuum  by  the  preflUrc^  of  the  atmofphere  upon 
the  other  parts  of  the  furfacc.  But  as  the  vefTei  is 
clofe,  the  external  air  cannot  prefs  upon  it*s  furfacc, 
and  no  water  w ill  rife  into  the  vacuum,  and  none 
t'an  be  pumped  out  unlefs  it  firft  rifes  in  the  barrel. 
But  if  the  veflel  be  filled  with  an  elaftic  fluid,  it 
does  not  want  an  external  preflure  to  raife  it, 
but  will  expand  itfelf  by  it's  own  elafticity,  fo  that 
the  fame  air,  which  firft  filled  the  veflel,  will  after 
it  is  thus  expanded  fill  both  the  veflel  and  the 
fpacc  in  the  barrel  too.  And  whatever  part  of  the 
air  rifes  into  the  barrel  of  the  pump  upon  the 
drawing  up  of  the  pifton,  will  be  carriied  off  by  it's 
next  return. 

Fountains  may  be  made  to  play  on  various 
plans.  I  have  already  Ihewn  you  one  by  th(f  pref- 
lure of  the  air;  our  next  experiment  will  be  on  one 
fet  in  adlion  by  the  fpring  of  the  air.  This  bottle 
is  about  2  thirds  filled  with  water,  the  upper  part 
is  occupied  by  the  air,  the  top  of  the  glals  tube  is 
furnilhed  with  a  fcrew  and  jet,  the  gla^  tube  paflfes 
through  the  neck  of  the  bottle,  and  reaches  nearly 
the  bottom,  and  is  fixed  there  by  the  fcrew  on  the 
iipj:crpart,  which  fcrcws  into  the  top  of  the  bottle 
fo  as  ta  render  it  air-tight,  (fig.  8,  />/.  2.)  Place 
this  OH  the  pump  under  a  receiver,  and  after  a  few 
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ftrokes  which  have  leflened  the  external  preffure,  you 
will  give  the  air  within  an  opportunity  to  ex- 
pand^ and  thereby  to  force  the  water  out  through 
the  glafs  tube  ;  which  it  does  with  fo  much  force, 
as  to  forma  very  piealing  jet  d'eau^ 

Here  is  a  fmall  Bacchus  (fig.  2,  />/.  2  J  feated 

on  a  calk  with  a  tube  proceeding  from  his  mouth 

to  the  barrel ;  this  is  filled  with  coloured  water  in 

the  lame  manner  as  the  fmall  fountain,   fo  that  on 

being  put  under  a  receiver  when  the  air  is  exhauf- 

ted,  the  liquor  is  thrown  up  into  his   mouth,  and 

the  rofy  god  feems  to  be  at  his  ufual  employment ; 

while  he  is  drinking  his  belly  expands,  which  15 

ciFedled  by  a  bladder,  containing  a  fmall  quantity 

of  air  concealed  under  his  (hirt. 

The  elafticity  or  fpring  of  the  air  produces 
the  fame  efFedts  that  the  preffure  produces,  bet^auje 
'the  fpring  is  equal  to  the  comprejjingforcey  which  in 
ordinary  cafes  is  e-quivalent  to  the  preffure  of  the 
air.     This  barometer  tube  is  open  at  both  ends,  I 
Ihall  fcrew  the  brafs  collar  of  the  tube  into  the 
neck  of  this  bottle ;   yoD  fee  that   the  lower  end 
oif  the  tube  is  beneath  the  furface  of  the  quickfil- 
ver  in  the  bottle,  and  that  the  air  above  the  quicks 
filver  cannot  poffibly  efcape,     for  it  cannot  get 
through  the  quickfilver  into  the  tube,  nor  pafs 
through  the  joinings  at  the  top  of  the  phial  which 
are  made  air-tight.     I  place  this  apparatus  on  the 
pump,   putting  a  receiver  over  it ;  at  prefent  the 
mercury  is  in  a  ftate  of  tranquillity,    as  not  hi  ni^ 
adls  upon  it  to  occafion  an  alteration  in  it's  litua- 
tion.     I  exhauft  th©  air   from  the  receiver  and 
tube,   and  you  fee  that  the  fpring  of  the  air  con- 
tained in  the  bottle  preffes  upon  the  mercury>  anti 
will   force  it  up  nearly  as  high  as  it  was  railed  by 
the  preffure  of  the  air  in  the  former  experiment; 
for  as  foon  as  the  counter- weight  was  taken  off  by 
cxhauftion,  the  fpring  ©xerted  it's  power. 

Before 
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Before  you  is  a  jar  filled  with  water,  in  which 
are  a  few  hollow  glafs  images  with  a  glafs  ball 
over  their  heads;  this  ball  contains  at  prefent  juft 
fo  much  water  as  to  render  the  images  fpecifically 
heavier  than  water.  I  fhall  place  them  on  the 
pump,  under  a  receiver,  {fig.  13,  pL  2,)  and  ex- 
hauft  the  air,  and  you  fee  that  in  proportion  as 
this  is  rarified  the  images  rife,  the  air  included  in 
the  ball  dilates,  and  forces  out  a  part  of  the  w  ater, 
and  phe  figure  and  it's  balloon,  now  becoming 
lighter  than  the  water,  afcends ;  on  letting  in  the 
air,  the  whole  becomes  fpecifically  heavier  again^ 
and  defcends  to  the  bottom. 

In  the  foregoing  experiment  it-ovas  evident, 
that  the  fpecific  weight  of  the  bodies  was  diminilh- 
cd  by  the  expanfion  of  the  air :  as  this  fad  explains 
fomc  common  phenomena,  and  is  applicable  to  a 
variety  of  circumftances,  I  fhall  endeavour  to 
render  it  more  familiar  to  your  minds  by  one  or 
two  experiments.  This  bladder,  containing  only  a 
fmall  quantity  of  air,  has  a  piece  of  lead  affixed  to 
it  of  fufficicnt  weight  to  fink  the  whole  in  the 
water.  I  put  it  in  this  jar  of  water,  and  place 
them  on  the  pump,  under  a  receiver ;  I  exnauft 
the  air,  the  bladder  expands,  becomes  a  balloon 
lighter  than  the  fluid  in  \\hich  it  floats,  and 
afcends  carrying  the  weight  with  it.  This  expe- 
riment will  naturally  call  to  your  minds  the  air- 
balloons,  which  you  have  fcen  or  heard  of:  you  faw 
one  in  the  prefent  inftancc  alcend  in  water,  as  foon 
.as  it's  bulk  \vas  rendered  lighter  than  the  fame 
bulk  of  water;  in  the  othcr.cafc,  the  air-balloons 
are  rendered  lighter  than  the  air  in  which  they 
float,  and  confequently  afcend  till  an  equilibrium 
takes  place.  But  thcfe  will  make  the  fubjedl  of  t 
future  ledure. 

I  have  affixed  jufl  fuch  a  weight  of  lead  to  thi? 
piece  of  cork,  as  will  make  it  fink  in  water.   I  put 
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it  into  the  jar  of  water,  and  place  the  whole  under » 
receiver  on  the  pump,  and  exhauft  the  air  there- 
from ;  you  fee  the  air  difengaging  itfeif  from  the 
cork,  riling  up  in  the  form  of  little  bubbles  which 
burft  on  the  furface  of  the  water ;  but  a  part  ofthe 
air  cannot  efcape,  the  cork  therefore  increafes  in 
bulky  becomes  fpecifically  lighter  than  the  water,, 
and  afcends  therein;  on  readmitting  the  air,  it 
(brinks  to  it's  former  bulk,  and  defcends  to  the 
bottom  of  the  jar. 

Timber  dug  out  of  bogs  and  other  moift  pla- 
ces,   will  feldom  float  in  water,   the  particles  of 
water  having  through  time  and  other  caufes  dif- 
lodgcd  the  air  from  the  vacuities  of  the  wood ; 
hence  alfo  it  appears,  that  even  wood  is  no  other- 
wife  comparatively  lighter  than  water,  than  from 
the  quantity  of  pores  therein  filled  with  air.     On 
the  fame  principle  we  account  for  the  following 
appearances.  It  a  man  orany  ammal  falls  into  the 
water,  and  is  drowned,  the  carcafe  in  a  few  days 
rifes  and  floats  on  the  furface.   The  privj^tion  of 
life,  the  ftagnation  of  the  fluids,  &c.  is  foon  fol- 
lowed by  a  putrid  fermentation,   defl:roying  and 
decompofing  the  body.     This  fermentation  difen- 
gages  a  great  quantity  of  air,  that  is  difTeminated 
among  the  fluid  molecules,  and  as  this  air  cannot 
efcape,   the  body  fwells  till  it  becomes  fpecifically 
.lighter than  the  water,  and  rifes  to  it*s  furface,  and 
fwims  thereon.     The  putrefadion  going  on,  the 
paxts  give  way,  the  air  efcapes,  and  the  body  finks. 
It  often  however  happens,  that  in  the  progrefs  of 
diflblution,  frefh  air  is  generated,  and  the  body  ri- 
fes and  finks  alternately  according  to  thefe  changes. 
The  preJlfure  of  the  air  is  the  firft  great  fource 
of  it's  effefts ;  it's  elafticity  is  the  fecond ;  by  this, 
when  it  has  infinuated  itfeif  iiito  the  pores  of  bo- 
dies,  it  keeps  their  particles  in  continual  ofcilla- 
tion;  for  the  degree  of  heat,  the  gravity  and  denfity 
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ef  the  air,  and  confequcntly  if  sexpanlion  and  claf- 
ticity,  never  remaining  the  fame  for  the  lead  mo- 
ment of  time,  there  muft  be  an  inccflant  con- 
tradion  and  dilatation  in  all  bodies^. 

This  reciprocation  may  be  obferved  in  fevcral 
inftances,  particularly  in  plants;  for  the  contained 
air  alternately  expanding  and  contracting  according 
to  the  increafe  or  diminution  of  heat,  alternately 
preiTes  the  vefiels,  and  eafes  them  again,  thus  keep- 
ing up  a  perpetual  motion  in  their  juices. 

From  the  fame  caufe  the  air  contained  in  the 
bubbles  of  ice,  by  it's  continual  adlion  burlls  the 
ice ;  and  for  the  fame  reafon  it  ads  as  a  principal 
caufe  in  the  phenomena  of  fermentation  and  putre- 
faction. 

In  a  clear  fun-fliiny  day,  you  may  often  per- 
ceive all  the  objeds  of  nature  as  if  trembling  be- 
fore your  eyes ;  this  is  ufually  afcribed  to  the  riling 
of  vapours;  but  a  little  obfervation  will  foon  prove 
to  you,  that  it  is  owing  to  the  alternate  expanfion 
and  contraction  of  the  air. 

Air  feems  to  ad  on  the  fmooth  furface  of  the 
Jeaves,  or  the  bark  of  the  ftem  of  plants.  If  there 
be  not  a  continual  fupply  of  frefh  air,  the 
ftem  runs  out  to  a  great  length,  is  exceedingly 
fmall  and  weak,  the  leaves  endeavour  to  fpread  out 
to  a  great  diftance,  no  impregnation  takes  place  in 
the  flowers,  the  proper  juices  are  jiot  formed,  and 
the  whole  plant  is  deftroyed. 

Many  conjedurcs  have  been  ofFered^  and  hv- 
potjiefes  framed,  to  account  fof  the  elafticity  of  the 
air.  Some  have  compared  the  air  to  watch-fprings  or 
hoops,  which  coiled  up  by  prefliire  reftore  them- 
fclvcs  again  as  foon  as  the  preflure  is  removed : 
others  have  refembled  them  to  flocks  of  wool :  no- 
tions that  are  inadequate  to  the  folutionof  tKe  phe- 
nomenon, and  probably  without  foundation.  Thefe 
fuppolitions  feem  to  Ihew  an  inattention  to  the  fub- 
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jcd  of  inquiry,  as  the  property  of  elafticity  fecmg 
jradicr  to  lie  in  the  peculiarity  of  the  matter  than 
in  the  form.  A  piece  of  lead  rolled  up  like  a 
T^fatch-fpring,  will  acquire  thereby  no  elaftic 
powen  It  is  probable,  that  this  property  is  ow- 
ing to  fomething  elfe  befides  the  form  or  the  Ihapc 
of  the  particles*  Others  have  attributed  the  elaf- 
ticity of  the  air  to  a  repulfive  power  in  the  parti- 
cles. This  folution  does  not  feem  in  the  leaft  to 
remove  the  difficulty ;  it  is  faying  no  morcj  though 
in  other  woids,  than  that  the  particles  feparate ; 
the  reparation  or  repulfion  is  the  fadt,  the  caufe 
is  to  be  explored  for  the  fadl  t  thit  is,  the  cxpan- 
fivc  or  feparating  force  is  allowed  by  alL 

You  were  aftonilhed  at  the  amazing  elafticity 
fire  gives  to  water,  when  you  faw  the  fleam  engine 
credled  by  Meffrs.  Watts  and  Bolton,  at  Mr. 
Whitbread's  brewery;  the  fteam  of  boiling 
water  is  as  elaftic  as  air.  The  force  of  this  fteam 
may  be  increafed  to  almoft  any  degree  in  Papin'a 
digefter,  the  power  is  incredible,  and  without  pro- 
per care  would  burft  the  ftrongeft  veflel*  ir  ig 
evidently  fire  that  renders  fteam  elaftic.  There  is 
110  improbability,  therefore,  in  fuppofing  that  it 
occalions  alfo  the  elafticity  of  air.  Perhaps  we 
fliall  not  be  far  diftant  from  the  truth,  if  we  fay 
with  Boerbaave,  that  the  adive  force  in  the  air, 
which  produces  fo  many  effcds,  does  all  arife from 
the  fire  contained  in  it. 

Not  to  truft  to  conje(fhire,  let  us  have  re- 
courfe  to  experiment.  I  take  this  bladder  half  fil- 
led with  air  and  tied  clofely  about  the  neck ;  I  hold 
it  near  the  fire,  ai3[d  it  immediately  fwells ;  the 
nearer  I  approach,  aaid  the  longer  I  hold  it  there, 
the  more  the  bladder  expands;  the  elafticity  of 
the  included  air  increafing  as  the  adion  of  the 
fire  increafcs.  As  a  great  degree  of  fire  gives  morje 
elafticity,  and  a  fmall  degree  lefs  elafticity  to 
\ql.  I.  E  the 
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the  fame  quantity  of  air,  this  element  feems  to 
have  the  direftion  of  this  quality,  and  to  be  the 
phyfical  caufe  of  it  at  all  feafons.  That  fire  is 
the  power  by  which  the  air  is  kept  iii  continual 
motion,  is  alfo  evident  from  the  thermometer  of 
Drebellius. 

One  objeftion  however  has  been  made  to  this 
theory,  which  Ihould  be  obviated ;  the  bladder  will 
diftend  when  a  part  of  the  furrounding  air  is  with- 
drawn, in  the  fame  manner  as  if  it  were  held  be- 
fore the  fire.  If  fire  be  the  immediate  caufe  of 
the  repulfion,  it  has  been  afked.  Why  does  die 
repulfion  increafe,  when  the  heat  remains  the 
fame  ?  The  anfwer  is  plain  and  eafy ;  there  is  the 
fame  heat  in  the  receiver  as  in  the  circumambient 
air ;  this  heat  is  fufficient  for  the  purpofe,  and 
muft  neceflarily  produce  the  effedt  when  the  prcf- 
fure  of  the  air  is  taken  off. 

As  long  as  the  receiver  is  full  of  air  in  the 
iamc  ftate  with  that  in  the  bladder,  there  are  two 
equal  forces  counterading  one  another;  there  is 
the  air  in  the  bladder  rendered  elaftic  by  the  (land- 
ing degree  of  heat  at  that  time  in  the  atmofphere^ 
and  there  is  air  equally  elaftic  preffing  with  equal 
force  on  the  outer  furface  of  the  blaSler;  fo  that 
while  things  remain  in  this  ftate,  all  will  be  at 
reft.  But  the  eftedt  will  be  the  fame,  whether 
you  add  mare  heat  to  the  iniide,  or  take  away  an 
equivalent  degree  of  refijlance  from  the  outfide  5  a 
rarifaAidn  muft  follow  upon  either  of  thefe 
changes,  for  to  fubtradl  the  refiftance  from  the 
outfide  of  the  bladder,  is  the  fame  as  to  add  a 
greater  force  of  expanding  fire  within  fide.  Many 
experiments  in  the  courfe  of  this  work  will  be  found 
to  ftrengthen  this  opinion ;  and  it  does  not  ap- 
pear that  there  is  a  fingle  experiment  to  prove 
any  elafticity  in  the  air  independent  of  fire, 
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Tbe  elaftic  power  of  the  air  is  always  equiva^ 
tntt  to  the  force  which  comprejfes  it^  for  if  it  wercf 
le(s,  it  is  clear  it  would  yield  ind  be  more  com- 
preffed  ;  were  it  greater,  it  would  not  be  fo  rnuch 
reduced;  for  aftion  and  re-aftion are  always  equal. 
So  that  the  elaftic  force  of  any  fmall  portion  of 
the  air  we  breathe,  is  equivalent  to  the  weight  of 
the  incumbent  part  of  the  atmofphere;  that  weight 
being  the  force  which  confines  it  to  the  dimenfions 
it  poflefTes.  Hence  the  air  is  always  a  counter- 
ballance  to  itfelf,  and  naturally  in  equilibrio  like 
other  fluids.  Air  compreffed  by  twice  the  weight 
of  the  atmofphere,  is  reduced  to  half  the  fpace  it 
before  occupied,  by  four  times  that  weight  to  oric 
quarter  of  the  fpace,  and  fo  on  in  a  geometrical 
progrefljon,  fuppofing  the  heat  to  be  always  the 
fame. 

To  illuftrate  thefe  laws  relating  to,  the  air*^ 
elaftic ity,  we  fliall  take  this  bent  tube,  whofe 
fmaller  leg  is  hermetically  fcaled ;  (fig.  i,pL/^\) 
holding  it  with  the  curvature  downwards,  I  pour 
a  fmall  quantity  of  quickfilver  into  the  tube,  foas 
juft  to  fill  the  horizontal  part,  in  order  to  confine 
the  air  contained  in  the  fmaller  leg.  Now  it  muft 
be  evident  to  you,  that  in  this  cafe,  the  air  in  the 
fmaller  leg  cannot  be  prefled  by  any  other  weight 
than  the  common  preffurc  of  the  atmofphere.  I 
ftiall  now  pour  more  quickfilver  into  tne  longer 
leg,  which  will  comprefs  the'air  in  the  ftiorterone, 
and  confine  it  to  a  fmaller  fpace.  By  pouring  ad- 
ditional quickfilver  into  the  longer  leg,  you  will 
find  that  the  fpace  into  which  the  fliorter  one  is  ' 
reduced,  is  to  the  fpace  it  occupied  with  the  at- 
niofpheric  preffure,  as  the  atmofphcric  prefliire 
to  the  fame  preffure  with  the  weight  of  the 
additional  quickfilver.  In  other  words,  by 
increafing  the  quantity  of  quickfilver  the  con- 
dchfetion  is  incrcafed,  and  it  is  found  that  the 
JE  ^  fpace 
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JpaceAnto  ivbicb  the  air  is  condenfed  by  different 
weights  is  inverjely  as  thofe  weights ;  or  it's  dcn- 
fity  is  as  the  prcffure  it  bears.  When  we  fay  that  it  is 
inverfely  as  the  compreffing  force,  we  mean 
that  the  fpace  is  diminilhedin  the  fame  proportion 
in  which  the  force  is  increafed ;  and  thus  a  double 
force  reduces  the  air  into  half  the  fpace,  a  triple 
force  reduces  it  into  a  third  part  of  the  fpace  it 
poflcfled  before ;  fo  half  the  force  permits  the  air 
to  expand  itfelf  into  double  the  fpace,  and  a  third 
part  of  the  force  permits  it  to  expand  into  a  fpace 
triple  of  what  it  pofleffed  before. 

After  what  has  been  faid,  it  feems  almoft 
ncedlefs  to  obferve  to  you,  that  the  more  the  air 
is  comprefled,  the  denfer  and  heavier  it  becomes : 
it  being  evident  that  a  given  quantity  of  air  con- 
fined in  half  the  fpace  it  naturally  occupies,  muft 
become  twice  as  denfe,  twice  as  heavy  as  it  was 
before,  and  muft  offer  a  greater  refiftancc  to  the 
motion  of  the  bodies.     . 

Or  THE  Height  op  the  Atmosphere. 

Having  proved  to  you,  that  thefpring  or  claftic 
power  of  the  air  is  as  the  forcewhichcomprcffesit, 
and  that  the  dcnfity  is  as  the  faid  force,  the  fpace  it 
poflc^^esbeingal^^  ays  reciprocal  to  that  force ;  weare 
furniihed  witn  fomedata  to  make  inquiry  concerning 
the  limits  of  the  atmofphere,  and  it's  ftate  as  to 
rarity  at  dift'crent  elevations  from  the  earth's  fur- 
face  ;  fubjedls  that  have  engaged  the  attention  of 
mathematicians  ever  fince  thedifcovery  of  atmo- 
fpheric  prcflure;  they  love  topurfue  afubjed:  when 
calculation  is  all  that  is  neceffary;  calculations 
may  fometimes  give  information,  they  feldom  con- 
fer wifdom. 

Thcfe  attempts  commenced  foon  after  it  was 
difcovered,  by  means  of  the  torricellian  tube, 
that  air  is  a  gravitating  fubftancc.  Thus  it  alfo 
became  known  that  a  column  of  air,  whofe  bafc 
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!$  a  fquarc  inch,  and  the  height  that  of  the  whole 
atmofphere,  weighs  15  pounds ;  and  that  the  weight 
of  airistothat  of  mercury,  as  i  to  10,800:  whence 
it  follows,  that  if  the  weight  of  the  atmofphere  be 
fufficient  to  raife  a  column  of  mercury  to  the 
height"  of  30  inches,  the  height  of  the  aerial  co- 
liimn  muft  be  10,800  times  as  much,  and  confe- 
*  quently  a  little  more  than  five  miles  high. 

It  was  not,  however,  at  any  time  fuppofed, 
that  this  calculation  could  be  juft ;  for  as  the  air 
is  an  elaftic  fluid,  the  upper  parts  muft  expand  to 
an  immenfe  buik^  and  thus  render  the  calculation 
above  related  exceedingly  erroneous.     By  experi- 
ments made  in  different  countries,  it  has   been 
found,  that  the  fpaces  which  any  portion  of  air 
takes  up,    are  reciprocally  proportional   to   the 
weight  with  which  it  is  compreued.     Allowances 
were  therefore  to  be  made  in  calculating  thc.height 
of  the  atmofphere.     If  we  fuppofe  the  height  of 
the  ivhole  divided  into  innumerable  equal  parts, 
the  denfity  of  each  of  which  is  as  it's  quantity; 
and  the  weight  of  the  whole  incumbent  atmofphere 
being  alfo  as  it's  quantity ;  it  is  evident,  that  the 
weight  of  the  incumbent  air  is  every  where  as  the 
quantity  contained  in  the  fubjacent  part;  which 
makesa  diflference  between  the  weights  of  each  two 
contiguous  parts  of  air.  By  a  theorem  in  geometry, 
where  the  differences  of  magnitudes  are  geometri- 
cally proportional  to  the  rtiagnitudes  therafeives,  it 
appears  that  thefe   magnitudes    arc   in   continual 
arithmetical  proportion;  therefore,  if,  according 
to  the  fuppofition,  the  altitudes  of  the  air,  by  the 
addition  of  new  parts  into  which  it  is  divided,  do 
continually  increafe  in  arithmetical  proportion,  it's 
denfity  will  be  diminifhed,  or  (which  is  the  fame 
thingj    it's  gravity  decreafed  in    continual  geo- 
metrical proportion. 

E3  If 
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It  is  now  eafy>  from  fuch  a  ferics,  by  makingf 
two  or  three  barometrical  obfervations,  and  deter-r 
mining  the  denfity  of  the  atmofphere  at  two  or 
three  different  ftations,  to  determine  it's  abfolutc 
height,  or  it's  rarity  at  any  aflignable  height. 
Calculations  accordingly  were  made  upon  this 
plan^  but  it  having  been  found  that  the  barome- 
trical pbfervations  by  no  means  correfponded  with 
the  denfity  which,  by  other  experiments,  the  air 
ought  to  have  had,  it  was  fufpeded  that  the  upper 
parts  of  the  atmofpherical  regions  were  not  fub- 
^jedt  to  the  fame  laws  with  the  lower  ones.  Phi- 
lofophers  therefore  had  recourfe  to  another  method 
for  determining  the  altitude  of  the  atmofphere, 
viz.  by  a  calculation  of  the  height  from  which 
the  light  of  the  fun  is  refradbed,  fo  as  to  become 
yifible  to  us  before  he  himfelf  is  feen  in  the  hca^ 
vens.  By  this  method  it  was  determined,  that  at 
the  height  of  45  miles  the  atmofphere  had  no 
power  of  refradtion;  and  confequently  bcypndthat 
diftance  was  either  a  mere  vacuum,  or  the  next 
thing  to  it,  and  not  to  be  regarded. 

This  theory  foon  became  very  generally  re- 
ceived, and  the  height  of  the  atmofphere  was 
fpoken  of  as  familiarly  as  the  height  of  a  mountain, 
and  reckoned  to  be  as  well  afcertained,  if  not 
more  fo,  than  the  heights  of  moft  mountains  are. 
Very  great  objedtions,  however,  which  have  never 
yet  been  removed,  arife  from  the  appearances  of 
fome  meteors,  like  large  globes  of  fire,  not  un- 
frequchtly  to  be  feen  at  vaft  heights  above  the 
earth.  Avery  remarkable  one  of  this  kind  was  bb- 
fcrvedby  Dr.  Halley  in  the  month  of  March  1719* 
whofc  altitude  he  computed  to  have  been  between 
69  and  73-2  Englilli  miles;  it's  diameter  2800 
yards,  or  upwards  of  a  mile  and  a  half;  and  it's 
velocity  about  350  miles  in  a  minute.  Others  ap 
parent ly  of  the  fame  kind,  but  whofe  altitude  and 
*    *  '  velocit)^ 
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vtfecity  were  ftill  greater,  have  been  obferved  : 
particularly  that  very  remarkable  one^  Auguft  1 8th 
1783,  whofe  diftance  from  the  earth  could  not  be 
Ids  than  ^o  miles^  and  it's  diameter  not  lefs  thaa 
the  former;  at  the  fame  time,  that  it's  velocity 
was  certainly  not  left  than  icxxd  miles  in  a  minute 
Fire-balls,  in  appearance  fimilar  tothefe,  tho' vaftl. 
inferior  in  fixe,  Imve  been  fometimes  obferved  at 
the  farfacc  of  the  earth.  Of  this  kind,  one  was 
ifeen  on  board  the  Montague,  4th  November  1749, 
which  appeared  as  big  as  a  large  mill-ftonc;  it 
broke  with  a  violent  exploiion. 

From  analogical  reafoning,  it  feems  very  pro- 
bable that  the  meteors  which  appear  at  fuch  great 
heights  in  the  air,  are  not  eflentially  different  from 
thofe  which,  like  the  fire-ball  juft  mentioned,  are 
met  with  on  the  furface  of  the  earth.  The  per- 
plexing circumftanccs  with  regard  to  the  former 
arc,  that  at  the  great  heights  above-mentioned, 
the  atmofphere  ought  not  to  have  any  den/ity  fuffi^ 
cient  to  fupport  flame ^  or  to  propagate  found ;  yet 
thcfe  meteors  are  commonly  fucceeded  by  one  or 
more  explofions,  nay  are  fometimes  faid  to  be  ac* 
componied  with  a  hiding  noife  as  they  pafs  over 
our  heads.  The  meteor  of  17 19  was  not  only  very 
bright,  infomuch  that  for  a  fhort  fpace  it  turned 
vit^t  into  day,  but  was  attended  with  an  explo- 
fion,  heard  overall  the  ifland  of  Britain,  occafion- 
ing  a  violent  concuflion  in  the  atmofphere,  and 
fccming  to  Ihake  the  earth  itfelf.  That  of  17  83 
alfo,  though  much  higher  than  the  former,  was 
Succeeded  by  explofions ;  and,  according  to  the 
ceftimony  of  feveral  people,  a  hiffing  noife  was 
heard  as  it  paffed.  Dr.  Halley  acknowledged,  that 
he  was  unable  to  reconcile  thcfe  circumftanccs 
with  the  received  theory  of  the  height  of  the  at- 
niofphere ;  as,  in  the  regions  in  which  this  meteor 
njoved,  the  air  ought  to  have  been  300,cx)p  time^ 
E  4  more 
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In  :nw  .-ncrccr  of  i-? j,  dm  difficulty  is  fUU 
greater,  is  :c  ^?^^  /^,^^'^  ^^^^=^  ^o  mila  &rdicr 
U7  rr  :ne  iir.     ITn  Ho^er  ..^ifers  a  canjcdarc,  in- 
ce-u,    cnar    ±e   -^-^st    rr.ri^rnaidc  of  fiich   bod^s 
n-:_  :c  ronTrtinii^-  :cr  nic  rhinncis  of  the  medium 
:rt  -.v':ich    :he^'  ir.ovcd;  wherher  or  not  this  was 
tiie  cojlc.  canno:  inCwca  be  aicrradncd,  as  we  have 
!c»  : jw  dza  :o  go  .ipc.i :  bur  :hc  grrareft:  difficulty 
is  :o  ^iccjunt  fcr  :he  anghmeis  of  the  light.     Ap- 
pcartuiccs  or"  ir.is  .<inu  jxe  Loiiecd  with  great  pn>- 
b-u?i::r- annbuuii  :d  d^cmcitr,  but  the  difficulty 
is   not   OILS  n!inoveii  ;  rhouch  the  cletirical  fire 
pervades  wiih  great  eai'e  che  vacuum  of  a  coaunofi 
air-pump^  yer  :r  does  not  in  that  cafe  appear  in 
brt^c  wcii  licnned  iparks  as  in  the  open  air,  but 
ratner  in  long-  rtrcams  reicmbling  the  aurora  bow 
reolis.     From  feme  iatc  experiments  indeed,  Mr. 
Morgan  conciuiics  rhat  the  eiecrricai  fluid  canziot 
penecrane  a  pened:  vacuum.     If  this  be  the  cafe 
ir  thews  char  zhc  regions  we  fpeak  of  are  not  fuch 
a  perfect  vaciium  as  can  be  arddcially'  made ;  but 
HI  hether  thev  are  or  not,  the  extreme  brightncfs  of 
the  light  ihews    that  a  fluid  was  prefent  in  thofe 
f  coniinina:  and  condenfing  the 
much  as  the  air  docs  at  the  (iir- 
d;  for  the  brightnels  of  thcfe 
ing  their  dilhmce,   cannot   be 
o  thai  of  the  brighteft  flaihcs  of 

refore,  that  the  abfolute  height 
is  not  yet  determined.  The  be- 
i  of  twilight  indeed  Ihcw,  that 
ich  the  atmofphere  begins  to 
ght,  is  about  44  or  45  Englifti 
ay,  not  improbably,  be  only  the 
iic  aqueous  vapours  are  carried ; 
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for  it  canndt  be  thought  any  unreafonable  fuppo- 
fition^  that  light  is  refnufted  only  by  means  of  the 
aqueous  vapour  contained  in  the  atmofphere :  and 
where  this  ceafes,  it  is  ftill  capable  of  fupporting 
the  cle<9:ric  fire  at  leaft  as  bright  and  ftrong  as 
tt  the  furface.  That  it  does  extend  much  higherj 
is  evident  from  the  meteors  already  mentioned : 
for  all  thefe  afe  undoubtedly  carried  along  with 
the  atmofphere;  otherwife  that  of  1783,  which 
was  feen  for  about  a  minute,  muft  have  been  left 
iocx>  miles  to  the  weftward,  by  the  earth  flying 
out  below  it  in  it's  annual  courfe  round  the  fun. 

I  cannot  leave  this  fubjeft  without  laying  be- 
fore you  the  following  thoughts  of  Dr.  Horjley, 
Bijbop  of  St.  David* s.    That  they  are  his,  \i  fuffi^ 
cient  to  entitle  them  to  attention,  and  you  will 
fimi  yourfelves  highly  rewarded  by  the  rnafculine 
and  ciiergetic  ftile,  which  fo  peculiarly  charadlerizc 
our  worthybilhop. ''  I  knownot/'fays  he,  '^forwhat 
reafon   mathematicians  have  been  afraid  to  ad-- 
mit  the  infinitude  of  the  atmofphere  of  the  earth ; 
whether  they  thought  it  would  bear  hard  upon  the 
Newtonian  doctrine  of  a  void,  or  that  it  implied 
the  infinitude  of  matter.     But  neither  the  one  nor 
the  other  of  thefe  confequences  is  to  be  appre-^ 
hended;  for  neither  the  phenomena  of  nature,  nor 
the  principles  of  the  Newtonian  philofophy,  re^ 
quire  that  there  fhould  be  any  where  a  great  chafm 
m  the  univerfe,  or  that  the  whole  materia  world 
Ihpuld    be   aAually  circumfcribed  by  any  finite 
fjpace,     A  large  portion  of  pore  or  interfpcrfed 
vacuity  is  fufficient  for  all  purpofes.    Nor  does  an 
4bfolute  infinity  of  matter  follow  from  the  hypo- 
thefis  of  an  infinite  number  of  finite  maflcs,  and 
an  infinite  number  of  finite  mafTes  is  all  that  is 
implied  in  the  notion  of  a  rare  elaftic  fluid,  difiufed 
through  infinite  fpace.     There  are  indeed  no  data, 
Ironj  which  any  great  altitudes  of  the  atmofphere 
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can  be  induhitafclr  concluded  ia  the  vrajr  erf"  cx-» 
pcrimcnt ;  but  I  do  comcnd,  that  there  arc  no 
4mX3^  from  which  the  fuppofitkm  of  it's  itifinkg 
height  cxB,  in  the  faxnc  way,  be  difprovcd  ;  and 
diis  may  juftly  be  held  more  probable  than  the 
caotran',  as  being  the  confcquencc  of  a  thctMry^ 
wfakh  tabs  nc%  er  )-et  in  any  inftance  proved  falla- 
oous." 

«» If  the  atmofphere  of  the  earth  reaches  t»  in- 
finite heights   M  ith  a  finite  denfity ;  thofc  of  Ju- 
piter,  and  evcr>*  other  planet,   will  reach  zlfo  to 
infinite  heights  above  t'.e  furface  of  the    planet 
with  a   finite  denliry.     The  atmofphere  of  every 
pUnet  m  ill  thejcfbre  reach  to  the  furface  of  every 
other  planet,  and  to  the  furface  of  the  fun,   and 
the  atmofphere  of  the  fun  to  the  furfaces  of  them 
adl.     All  thcfc  atmofj^eres  will  mingle,  and  form 
a  conuncm  annofphere  of  the  whole  fyftenu      TTiis 
ctunmon  atmofphere  of  the    fv^em  will   be    in- 
finitely difiuficd,  fince  -the  particular  atraofpheres 
that  compofe  it  are  fo.     It  will  reach  therefore  ta 
every  fixed  ftar;  and  for  the  fame  reafon  that  of 
every  fixed  ftar  will  reach  the  central  body  of  <Hir 
fyftem,  and  of  every  other  fyftem ;  the  atmofphere 
of  all  the  fyftems  wiU  mix  ;    the    nniverfc    will 
have  one  conunon  atmofphere,    a  fubtlc    daftic 
fluid  which  pervades  infinite  fpace;  and    beii^ 
condenfed  near  the  furface  of  every  larger  mais  of 
matter,  by  the  gravitation  towards  that  mafs,  fonn^ 
it's  peculiar  atmofphere/' 

On  Hypotheses. 

In  the  hiftorical  part  of  the  preceding  le<5hire, 
there  are  fomc  fads,  which  if  properlv  atfr^nnS 
to,  will  be  of  great  ufe  to  you?'  C^aTefeel 
how  long  bare  conjedure  was  fuffercd  to  ftand  in 
the  nlace  of  knowledge,  and  with  wLt  "eni^ 
cioufncfs  It  was  adhered  to.     Conjcdure  may  lead 

you 
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JDU  to  form  c^nions,  but  it  cannof  pfodttce 
knowledge.  Natural  philcfophy  muft  be  builc 
i^ai^  the  pbcBomena  oi  nature  difcovered  b^.pb<# 
j^acion  and  experiment. 

Conjedures  in  philofophy  are  term^  hypo-* 

thefes  or  theories ;  and  the  invention  of  an  hypo-« 

thefis  founded  on  fome  flight  probability^  which 

accounts  for  many  appearances  in  nature^  ha$  too 

pften   been  considered  as  the  higheft  attainment  of 

a  philofopher.     If  the  hopothefis  hangs  well  to* 

HetheFj,  is  embelliihed  with  a  lively  ims^ination^ 

and   ferves  to  account  for  common  appearances  ^ 

it  is  confidered  by  rnany^  as  having  all  the  quali-- 

ties  that  (houkl  recommend  It  to  our  beliefj  and 

all    that  ought  to  be  required  in  a  philofophical 

^yftem. 

Men  of  genius  are  fo  prone  to  invent  hypoM 
thefes,  and  others  to  acquiefce  in  them  as  the  ut-r 
moft  the  human  faculties  can  attain  unto  in  fhilo^ 
^phy,  that  it  is  of  the  greateft  confequence  to  the 
progreis  of  real  knowledge,  that  you  fliould  have 
a  clear  and  diftind  undcrftanding  of  the  nature  of 
hypothefes  in  philofophy,  and  of  the  regard  that 
is  due. to  them. 

Although  fome  conjedhires  may  have  a  con- 
fi^rable  degree  of  probability,  it  is. evidently  in 
the  nature  of  conjedlure  to  be  uncertain*  In  every 
cafe,  the  aflent  ought  to  be  proportioned  to  the 
evidence ;  for  to  ^lieve  ftrmly,  what  has  but  a 
fmall  degree  of  probability,  is  Jt  manifefl:  abufe  of 
ourunderflanding.  Now  though  we  may,  in  many 
cafes>  form  very  probable  conjectures  concerning 
the  works  of  men,  every  conjecture  we  can  form 
with  regard  to  the  works  of  God,  has  as  little 
probability  as  the  conjeftures  of  a  child  with  re- 
jpffd  to  the  works  of  a  main. 

The  wifdom  of  God  exceeds  that  of  the 
jrifeft  maa,  more  than  his  wifdom  exceeds  that  of 

a  child. 
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a  child.  If  the  child  were  to  conjedhirc,  how  an 
army  is  to  be  formed  in  the  day  of  battle,  how  a 
city  is  to  be  fortified,  or  a  ftate  governed ;  what 
chance  has  he  to  guefs  right  ?  The  wifeft  man  has 
as  little  chance  when  he  pretends  to  conjedurc 
how  the  planets  move  in  their  courfe,  how  the  fca 
ebbs  and  flows,  and  how  our  minds  adluponour  bodies*^ 

Ifathoufand  of  the  grcateft  wits  that  ever 
the  world  produced,  were,  without  any  previous 
knowledge  of  anatomy,  to  fit  down  and  contrive 
how,  and  by  what  internal  organs  the  various 
fon(ftions  of  the  human  body  are  carried  on ;  how 
the  blood  is  made  to  circulate,  and  the  limbs  to 
move;  they  would  not  in  a  thoufand  years  hit  upon 
any  thing  like  the  truth. 

Of  all  the  difcoveries  that  have  been  made 
concerning  the  inward  ftrudure  of  the  human  bo 
dy,  never  one  was  made  by  conjedhire.  Accurate 
obfervations  of  anatomifts  have  brought  to  light 
innumerable  artifices  in  the  contrivance  of  this 
wonderful  machine,  which  we  cannot  but  admire 
as  excellently  well  adapted  to  their  feveral  pur- 
pofes.  But  the  moft  fagaciqus  phyfiologift  never 
dreamed  of  them  till  they  were  difcovered.  On 
the  other  hand,  innumerable  conjedures  formed  in 
different  ages  with  regard  to  the  ftrufture  of  the 
body,  have  been  confuted  by  obfervation,  and 
none  ever  confirmed. 

What  we  have  faid  of  the  internal  ftrudhjrc 
of  the  human  body,  .may  be  faid  with  juftice  of 
every  other  part  of  the  work  of  God,  wherein  any 
real  difcovery  has  been  made ;  fuch  difcoveri^' 
have  been  always  made  by  patient  obfervation,  by 
accurate  experiments,  or  by  conclufions  drawn  by 
ftrid:  reafoning  from  obfervation  and  experiments," 
and  fuch  experiments  have  always  tended  toi 
refute  but  not  to  confirm  the  theories  which 
ingenious  men  had  invented.  If  we  look  back  into* 

the 
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the  ftatc  of  philofophy,  in  the  different  ages, 
wc  Ihall  learn  from  the  hiftory  of  every  period^ 
that  as  far  as  philofophers  confulted  nature  and 
proceeded  on  obfervation,  they  made  fome  pro- 
grcfi  in  truth,  but  as  far  as  they  pretended  to  carry 
on  their  fchemes  without  it,  they  only  multiplied 
difputes. 

Thefineftproduftionsofhuman  artareimmeiiTe- 
ly  (hort  of  the  meaneft  works  of  nature.  The  niceft 
artift  cannot  make  a  feather  or  the  leaf  of  a  tree  : 
human  workmanlhip  will  never  bear  a  comparifon 
uith  the  divine.  Conjectures  and  hypothefes  are 
the  inventions  and  the  works  of  men,  and  mud 
bear  proportion  to  the  capacity  and  (kill  of  the  in- 
ventor, and  will  therefore  be  always  very  unlike  to 
the  works  of  God,  which  it  is  the  bufmefs  of  philo- 
fophy  to  difcover. 

The  firft  rule  of  philofophifing  laid  down  by 
the  great  Newton,  is  this.  No  more  caufes,  nor  any 
other  caufes  of  natural  efFeAs,  ought  to  be  admitted^ 
butfuchasare  both  true  and  arefufficientforexplain- 
ing  their  appearances.  This  is  a  golden  rule,  it  is 
thctrueand  proper  teft  by  which  what  is  found  and 
folid  in  philofophy  is  to  be  diftinguilhed  from  what 
is  hollow  and  vain. 

If,  therefore,  aphilofopher  pretends  to  fhew  you 
the  caufe  of  any  natural  efFed:,  whether  relating  to 
matter  or  to  mind  ;  you  are  firft  to  confider  whe- 
ther there  be  fufficient  evidence  that  the  caufe  he 
afligns,  does  really  exift.  If  there  is  not,  rejedt  it 
with  difdain  as  a  fiction  which  ought  to  have  no 
place  in  genuine  philofophy.  If  the  caufe  afligned 
really  cxifts,  confider  in  the  next  place,  whether 
the  eifedt  it  is  brought  to  explain,  neceflarily  fol- 
low from  it.  Unlefs  it  has  thcfe  two  conditions, 
it  is  good  for  nothing. 

Byobferving  this  rule,  you  will  not  be  in  dan- 
ger of  employing  mere  conjedhire,  nor  fatisfying 
yourfclvcs  with  the  illufive  dreams  of  imagination, 
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Inftead  of  the  real  ftatc  of  things.  You  have  fe«l 
alfo  in  thefe  le<3:ures  the  force  of  prqudice  on  the 
9nind.  Had  Bacon,  Galileo,  Torricelliiis,  orBoyk, 
-given  way  to  the  objedions  thrown  in  their  way,  or 
contented  then^felves  with  the  conjcdures  of  their 
finceftors,  we  fliould  have  never  reaped  the  benefit 
of  their  difcoveries ;  difcoveries  that  do  honour  to 
human  nature,  and  will  nuke  their  nanKs  immortal.* 

Truth  in  it's  omnifcient  fountain  is  univer/af, 
immediate,  equal,  and  infalliifle.  The  ray  with 
which  man  is  blcfled,  is,  from  the  inferiority 
and  infirmity  of  his  nature,  partial,  progrcffwe, 
njarious,  though  immutable :  this  ray  is  obftrudtcd 
by  paflions,  prejudices,  habits  and  vices,  caufesof 
ierror.  Truth,  though  deftined  to  be  the  guide  of 
man,  is  not  beftowed  with  an  unconditional  pro- 
fufion  ;  but  is  hidden  in  darknefs,  and  involved  in 
difficulties ;  intended,  like  all  the  other  gifts  of  hea- 
ven, to  be  fought  and  cultivated  by  all  the  differ- 
ent powers  and  exertions  of  human  reafon.-^ 

Let  the  maxim  of  the  once  celebrated  Thomas 
Aqninas  be  pften  before  you,  cave  ab  ills  qui  uni-^ 
<um  librum  legit ,-  fufpeA  the  knowledge  of  thofe 
who  dare  not  venture  abroad  in  qucft  of  truth,  but 
under  the  authority  of  feme  gieat  name :  fuch,  how- 
ever, is  human  weakhefs,  that  you  will  often  find 
thofe  who  will  condemn  this  pradice  as  abfurd, 
when  applied  to  the  prejudices  that  once  reigned  in 
favour  of  Ariftotle  or  Defcartes,  offended  when  it  i« 
brought  home  to  themfelves,  and  when  it  is  (hewn 
that  even  in  this  age,  authority  has  undue  weight  and 
influence.  I  hope,  that  you  will  be  dazzled  by  no 
authority,  nor  fufFer  any  popular  prejudice  to  mis- 
lead you,  biit  that  you  will  always  be  governed  and 
guided  by  the  importance  of  the  matter,  the  per- 
fpicuity  of  the  fadts,  the  juftnefs  of  the  inferences, 
and  the  ftrcngth  of  the  arguments  propofed  to  you, 

*  Reid  on  the  Inlellcflual  and  Aftivc  Powers  of  the  Mind. 
f  Tatham's  Chan  and  Scale  of  Truth.  The 


Digitized  byCjOOQlC 


r 


Katuhe  and  Properties  op  Aia,        6^ 

*riielowcftkind  of  evidence  that  can  he  cited  in 
^vour  of  any  dodrinc  or  tenet,  is  die  opinion  of 
great  and  celebrated  men.  This  evidence  is  of 
fnudl  authority,  becaufethe  prejudices  of  dilFerent 
nen^  ccMicerning  things  andpcrfons,of  whofc  me- 
rit they  are  incompetent  to  judge,  is  verydiferent- 
But  whatever  authority  the  teneu  of  any  philofo^ 
phcr,  or  fet  of  philofophers,  have,  or  ever  had  in 
the  minds  of  other  men ;  tiiey  derive  that  autho- 
rity only  from  a  fuppofed  agreement  with  truth,  rea-» 
fon,  and  nature. 
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LECTURE    IIL 

IN  the  preceding  ledures,  I  proved  to  you  that 
the  fubtle  and  invifible  element  of  air  is  by  no 
means  exempted  from  the  univerfal  law  of  gravi- 
tation^ and  that  it's  weight  is  the  caufe  of  many 
phencwnena.  I  have  from  this  principle  clearly 
and  naturally  accounted  for  feveral  appearances  that 
could  not  be  explained  upon  any  other.  I  have 
ftiewn  to  you  the  nature  of  that  ufeful  infti*ument 
the  air-pump,  and  the  principles  of  the  celebrated 
experiment  of  Torricellius.  You  have  feen  that 
the  air  is  endued  with  a  coniiderableelaftic  power- 
by  which  it  perpetually  endeavours  to  expand  itfcli 
into  larger  dimenfions,  and  to  remove  th^  obftacles 
by  which  it  is  confined  w  ithin  certain  bounds,  and 
that  it  exerts,  this  power  mor^  forcibly  as  it  is  more 
clcrfely  crowded  together,  the  force  it  employs  to' 
gain  it's  liberty  being  always  proportionable  to  it'$ 
coarctation  or  denfity.  From  what  you. have  al- 
ready fcen  and  heard,  you  begin  no  doubt  to  per- 
ceive the  nature  and  defign  of  natural  philofophy, 
that  it  is  intended  to  defcribe  the  principal  pheno-' 

2  meiu 
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mena  of  nature,  to  c^lain  their  caufes,  and  tractf 
out  the  relation  of  the  phenomena  to,  and  thci/ 
dependence  on  thoft  caufcs.  But  it  is  fubfcrvicnt 
to  purpofes  of  an  higher  kind,  and  will  lead  you  to 
a  knowledge  of  the  author  and  governor  of  the 
univerfe,  proving  to  you  the  beauty,  goodnefs,  and 
equity  of  his  adminiftration,  by  (hewing  you  that 
univer/al  good  is  the  end  or  final  cisiufe  of  the  whole 
creation,  difFufing  itfelf  every  where  continually 
into  all  things,  in  proportion  to  their  fevetal  ca-' 
pacities  of  receiving  and  participating  in  it.  It 
will  teach  you  at  the  fame  time  that  the  feveral 
operations  in  nature  are  carried  on  by  nicans  inde- 
pendent of  all  human  counfel  or  diredion,  uncon- 
troulable  by  any  human  power  or  authority,  and 
far  tranfcending  all  human  abilities  to  pkin,  to 
manage,  or  to  execute.  Yoii  will  difcover  fome  of 
thofe  laws  by  which  the  Sovereign  Legislator 
governs  the  corporeal  univerfc,  and  by  which  he 
maintains  it  in  undiminifhed  vigour,  and  unde- 
caying  beauty,  through  all  ages,  for  the  good  of  all 
beings  capable  of  enjoying  any  fliare  in  the  mani-« 
fold  and  various  goods  with  which  it  abounds. 

With  fuch  profpeds  before  you  I  jnfure  my- 
felf  the  mod  unremitted  attention,  and  that  you 
will  not  fufFer  yourfelves  to  be  difcouraged  by  any 
apparent  difficulties,  but  follow  me  with  pleafurc 
while  I  am  endeavouring  to  trace  the  operations  of 
nature  through  all  their  multiplied  proceffes. 

It  has  been  a  queftion  among  philofophers, 
whether  the  elaftic  power  of  the  air  is  capable  of 
being  deftroyed  or  diminiftied:  there  is  reafon, 
however,  to  think  that  it's  elafticity  may  be  con- 
fidered  as  nearly  perfedl,  becaufe  a  mafs  of  air  that 
has  been  comprefled  by  any  given  force  re-efta- 
blilhcs  itfelf  as  foon  as  that  forces  ceafes  to  ad:,  and 
that  completely,  regaining  the  fame  bulk  it  had 
before  the  compreflion.  There  are  feveral  experi- 
ments 
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Isfcnts  which  prove  th^t  this  elafticity  isnot  changed, 
tither  by  th^  force  or  duration  of  the  compreflion ; 
for  with  whateyer  force  it  be  comprefled^   or  how- 
ever long  it  ^nay  be  kept  in  a  ftate  of  compreflion, 
it  lofes  nothing  of  it's  original  force.     Meflrs. 
Boyle  and  Defaguliers  made  fevcral  experiments  in 
order  to  difcover  how  long  the  air  would  retain  it's 
Ipring,  without  being  able  to  obferve  any  fenfible 
diminution.     M.  Rbberyal  inclofed  air  in  a  wind- 
gun,  and  preicrved  it  therein  for  1 6  years;  when  he 
iound,  that  it's  expanfive  force  was  the  fame  as  if 
jt  had  been  recently  comprelTed.    It  muft  however 
be  obferved,    that   thcsre   are  other  experiments 
which  Ihew,  that  in  certain  cafes  the  elafticity  of  the 
^ir  may  he  injured,  and  that  it  may  alfo  be  vitiated 
by  admixture  with  fome  peculiar  fubftances* 

Of   the   RARIFACTiON   OF   TilE   AiR; 

.  Heat  applied  to  a  mafs  of  air  produces  two. 
effeds:  if  the  aif  is  fo  fituated  as  to  have  room  to 
expand,  it  rarifies  it,  or  makes  it  occupy  more 
fpacej  if  it  be  inclofed  and  has  not  room  to 
expands  heat  increafes  it's  elafticity,  and  that  fo 
much  the  more  as  the  preflure  is  greater.  To  fhew 
you  that  heat  makes  the  fame  quantity  of  air  occupy 
^  larger  fpace,  I  take  xhi$  glafs  tube,  which  is 
fcaled  at  one  end,  and  nearly  of  an  equal  diameter 
throughout ;  I  plunge  the  feaied  end  into  boiling 
Jvater>  and  keep  it  there  till  it  has  attained  as  much 
heat  as  the  boiling  water  can  communicate  to  it ; 
J  now  take  it  from  thence,  and  infert  the  open  end 
into  quickfilver,  which  I  have  previoufly  warmed 
that  it  may  not  break  the  glafs  ;  you  obferve  that  I 
hold  the  tube  nearly  in  an  horizontal  pofition,  and 
that  the  merculy  rifes  in  the  tube  in  that  proportion 
as  it  and  the  air  within  it  cools :  when  it  is  per- 
feftly  cooled  (to  the  freezing  point)  you  will  find 
one  third  of  the  glafs  tube  filled  with  quickfilver. 
Vol.  I.  .         F  and 
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and  two  thirds  with  air.  If  I  fhould  again  transfer 
it  to  the  veflel  of.  boiling  water,  the  heat  thereof 
would  again  expand  the  air,  and  make  it  occupy 
the  whole  length  of  the  tube.  From  this  experi- 
ment you  will  deduce  the  following  inferences: 
I .  That  heat  augments  the  volume  of  ^ir.  2.  That 
a  quantity  of  air  comprefled  by  the  weight  of  the 
atmofphere,  and  condenfed  by  the  cold  of  ice,  is  to 
the  volume  of  the  fame  air  rarified  by  the  heat  of 
boiling  water  as  2  to  3. 

In  repeating  thefe  experiments,  you  may 
find  fome  variations,  for  the  refult  will  differ  with 
the  preiTure  of  the  atmofphere,  which  you  know  is 
continually  varying,  but  humid  air  will  occafion 
ftill  greater  deviations.  The  effedt  of  a  fmall 
quantity  of  moifture  may  be  proved  by  a  very  fim- 
ple  experiment,  that  you  may  repeat  when  diftant 
from  any  pl)ilofophical  api>aratus.  I  took  an  empty 
glafs  phial  that  I  had  carefully  dried  within  fide, 
and  inverted  it  in  this  water  when  it  Vas  boiling, 
and  it  has  remained  there  till  the  air  and  watfer  arc 
perfedly  cool,  and  you  fee  that  the  phial  is  now 
filled  about  one-third  with  water,  {hewing  that 
fo  much  of  the  air  was  expelled  by  the  heat,  and 
confequently  that  the  air  was  expanded  in  that 
proportion*  But  by  the  addition  of  a  fmall  quantity 
of  water  to  wet  the  infide  of  the  phial,  the  air 
will  be  totally  expelled,^  and  make  fo  perfecSl  a 
vacuum,  that  when  all  is  cool  the  phial  will  be  en- 
tirely filled  with  water. 

Heat  increafes  the  elafticity  of  the  air,  in  pro* 
portion  to  the  incumbent  preflure,  if  the  ex- 
panfion  thereof  be  prevented.  Take  a  glafs  tube 
between  four  and  five  feet  in  length,^  and  about 
one-tenth  of  an  inch  in  diameter,  bent  at  bottom, 
and  terminating  in  a  thin  glafs  globe  five  inches 
diameter,  filled  with  coipmon  air;  pour  as  much 
riiercury  into  the  tube  as  will  rather  more  than  fill 
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the  curved  part  therieaf ;  and  when  the  tube  is  ver- 
tical the  mercury  will  be  of  an  equal  height  in 
each  branch  of  the  tube :  now  it  is  plain  that  this 
could  not  be  the  cafe  unlefs  there  was  an  equal 
preflure  on  each  end  of  the  mercuty^  the  denfity 
of  the  air  within  the  ball  being  a  counterballance 
10  the  preflure  of  the  atmofphere.     Let  us  fuppofe 
this  prefliire  to  be  equal  to  a  column  of  mercury 
of  28  inches;  on  plunging  the  ball  into  boiling 
water,  the  mercury  will  rife  about  91V  inches  above 
the  level  in  the  longer  arm;  which  is  one-third  of 
28  inches.     When  thb  whole  is  cool,  pour  into  tte 
tube  as  much  mercury  as  will  form  a  column  of 
28  inches  above  the  level ;  confequently  the  air  in 
the  ball  now  furtains  a  double  atmofphere :  plun^ 
it  ^ajn  in  boiling  water,  and  the  mercury  will  be 
raifed  18  A  inches  above  the  point  it  was  at  before 
the  immerfion:  now  1 8  A  is  the  third  of  56  inches, 
the  preflure  fuftained  by  the  air  in  the  ball ;  {o 
that  this  air  then  counterballanccs  a  weight  equal 
to  a  column  of  mercury  7417  in  height :  namely, 
the  weight  of  the  atinofphere,  28  Inches  of  mcr- 
cuiy,  and  iSr?  inches,  to  which  this  was  raifed.  It 
IS  evident  therefore,  from  this  experiment,  1  fl:.  That 
hdat  increafes  the  eiafl:ic  force  of  the  air  in  pro- 
portion to  the  incumbent  prefliire.     2d,  That  the 
neat  of  boiling  water  increafes  the  elaftic  power 
of  the  air  one-third  of  the  incumbent  preflure. 
hi  the  fame  manner  yoii  will  find  that  the  elafticity 
of  the  air  is  weakened,  and  that  it  contradts  into 
Itfs  fpa.ce  by  immerfion  in  cold  or  freezing  mix- 
tures. 

It  is  plain  from  what  has  been  faid,  that  the 
fame  degree  of  heat  will  expand  air  more  in  pro- 
portion, as  the  comprefling  force  is  removed. 
When  a  flaccid  bladder  is  placed  under  the  re- 
ceiver of  an  air-pump,  and  the  comprefling  force 
is  M^ilhdraWn  by  exhaufl:ion,  the  air  included  in  the 
F  2  bladder 
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bladder  expands  and  ftretches  it,  in  the  fame  mam 
ncr  it  would  do,  if  the  bladder  were  expofed  tc 
the  heat  of  a  fire.  Hence  you  may  perceive  why 
the  vacuum  of  an  air-pump  produces  fbmatiy  cS( 
the  feme  effedls  with  adlual  fire. 

It  is  ncceflary  to  obferve  to  you  one  or  twc 
circumftances  concerning  the  experiment  with  the 
bent  tub«  and  the  ball,  as  they  occafion  fome  dif- 
ference in  the  refults.  i.  As  the  mercury  whick 
lifes  in  the  longer  leg  of  the  tube  diminilhes  the 
quantity  in  the  fliorter  tube,  it  leaves  the  air  more 
room  to  expand.  2.  Becaufe  the  bulk  or  fize  of 
the  ball  is  incrcafed  by  the  heat  of  boiling  water, 
which  gives  the  air  contained  therein,  more  room 
alfo  to  expand,  and  thus  leffens  the  denfity  thereof, 
and  prevents  the  elaftic  force  being  fo  much  aug- 
mented as  it  would  otherwife  have  been  by  the 
heat  jof  the  water.  Thefe  circumftances  are  men^- 
tioncd  to  you,  to  fliew  you  with  what  care  and 
caution  every  philofophical  inquiry  Ihould  be  pur- 
fued,  and  that  the  moft  minute  circumftancea  arc 
to  be  attended  to;  even  the  irregularities  obferved 
in  making  any  experiment  (hould  be  communi- 
cated, that  others  may  know  what  has  happened, 
and  what  they  may  expedt  to  meet  with  in  the 
courfe  of  their  future  inquiries.  Improvements 
of  every  kind  advance  by  flow  degrees ;  and  it  is 
not  until  things  have  been  viewed  in  every  poflible 
light,  that  error  can  be  difcovered,  the  point  in 
queftion  clearly  afcertained,  and  the  branches  of 
philofophy  depending  on  the  experiments  you  arc 
making,  be  Brought  nearer  to  perfedion, 

I  Ihall  now  proceed  to  apply  the  experiments 
you  have  feeni  that  you  may  perceive  their  ufe  to 
mankind ;  and  though  fome  of  them  may  have  ap- 
j)eurcd  to  you  of  little  importance,  I  hope  foon  to 
cozu'incc  you,  that  even  in  the  common  avocations 
vf  lite,  you  will  often  have  occafion  to  refer  to  the 
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<onfequences  naturally  ariiing  from  them.  It 
i«  an  excellent  remark  of  an  able  writer,  '*  That 
•*  things  remote  from  common  obfervation  are  at 
••  firft  indiftindlly  feen,  like  the  diftant  obiedls  in 
^  a  profped.  We  are  in  doubt  whether  they  arc 
**  hills  or  clouds  which  appear  in  the  ikirts  of  the 
^  horizon ;  but  when  we  draw  near  to  them,  we 
*'  find  they  are  no  vapours,  but  firm  land  fit  for 
**  culture  and  inhabitation." 

That  admirable  property  of  the  air,  whereby 
it  expands  with  heat,  and  contraAs  with  cold,  is 
«ne  of  the  .principal  caufes  of  winds.  When  the 
air  in  any  place  is  rarified,  the  furrounding  air» 
which  is  more  jdenfe,  ruihes  in  to  fupply  the  va- 
cuity^ Air  in  any  one  place  being  heated  becomes 
lighter,  imd  afcends ;  the  furrounding  air,  being 
heavier  and  xrolder,  fupplies  it's  place.  The  air 
of  any  place  hpng  therefore  heated,  and  rarified 
by  the  fun's  rays  or  any  other  caufe,  the  air  of  a 
colder  region  will  prefs  into  that  place,  with  a  de- 
gree of  violence  equal  to  the  rarifadlion.  On  the 
other  hand^  if  from  any  caufe  it  becomes  colder^ 
it  contrails  into  ^  fmaller  fpace,  and  thfe  warmer 
circumjacent  air  ruihes  into  fhe  place^  to  keep  up 
the  equilibrium  of  nature. 

Of  the  caufes  and  nature  of  winds  I  fhall 
treat  more  largely  in  a  future  ledlure.  To  render 
the  circulation  of  air  evident,  I  fhall  mention  an 
eafy  experiment  which  you  may  make  on  the  firft 
convenient  opportunity.  Let  the  air  of  a  room  be 
heated  by  a  good  fire,  while  the  air  of  a  contiguous 
room  is  cold ;  theii  let  the  door  between  the  two 
rooms  be  opened,  and  the  cold  air  being  heavieft, 
will  come  into  the  heated  room  by  the  lower  part 
of  the  door- way  ;  the  l>eated  air  will  go  Qut  into 
the  cold  room  by  the  upper  part  pf  the  door- way : 
the  diredion  of  thefe  currents  of  air  may  be  feen 
hy  the  diredion  of  the  flame  of  a  candlp,  which 
*    F  3  will 
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will  be  driven  inwards  or  towards  the  heated  room,' 
if  held  near  the  bottom  of  the  door- way;  out- 
wards, if  held  near  the  top ;  whilft  in  the  middle^' 
there  is  little  or  no  motion,  the  flame  remaining^ 
perpendicular.  This  experiments-further  proves 
the  rarifaiflion  of  air  by  heat,  but  it  Ihews  alfo, 
that  it  is  the  property  of  rarified  air  to  afcend.     : 

If  a  room  with  a  fire  in  it  be  perfedtly  clofed 
except  the  chimney,  the  air  therein  would  foonhc 
rendered  unfit  for  refpiration,  and  the  fire  itfelf 
would  foon  be  extinguifhed.  Hence  it  appears 
how  improper  it  is,  to  keep  the  room  of  thofe  who 
ve  unwell  or  convalefccnt,  too  clofe.  The  luxury 
and  effeminacy  of  this  age  is  ftudious  to  flop 
up  every  crack,  and  exclude,  as  much  as  may  be, 
every  breath  of  air;  wrongly  confulting  prefent 
indulgence,  at  the  expence  of  future  eafe  and  com- 
fort. Children  and  young  people  are  the  moft 
fufceptible  of  the  ill  effed  of  a  clofe  air,  and  fhew 
it  by  turning  fick,  and  complaining  of  the  head- 
ach;  and  they  who  by  pradtice  feel  lefs  prefent 
inconvenience,  are  flowly  lofing  their  complexions 
and  deftroying  their  conftitutions,  which  are  never 
inore  invigorated  than  by  the  coldnefs  and  purity 
of  the  morning  air.  It  is  a  common  obfervation, 
and  a  true  one,  that  the  body  is  ftrongeft  and  the 
fbirits  moft  adive,  in  fharp  frofty  weather,  when 
nre  burns  the  brighteft  ;  therefore  if  you  are  wife, 
you  will  be  forward  to  expofe  yourfelves  to  the 
frefhnefs  of  a  cool  air,  that  you  may  have  the  ufe. 
^nd  enjoyment  of  your  faculties,  while  others  arc 
(jcft toying  the  powers  of  life  by  the  debilitating 
fleep  of  the  morning  hours,  and  the  fickly  warmth 
of  ^  clofe  apartment. 

Many  people  imagine,  that  fire  will  purify 
contaminated  air,  by  deftroying  the  noxious  par- 
ticles that  are  mixed  with  it,  and  thus  render  it 
(iftcr  for  refpiration :  this  however  is  not  true,  for 

fire. 
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fire,  and  combuftion  in  general,  is  fo  far  from  pu- 
rifying air,  that  it  actually  contaminates  a  pro- 
digious quantity;  fo  that  even  a  lighted  candle 
kept  in  a  clofe  room,  to  which  the  external  air  has 
not  free  accefs,  renders  the  air  of  that  room  ex- 
tremely noxious.  But  a  fire  kept  up  in  a  room  or 
apartment  where  the  air  is  taiixted,  as  in  hofpitals, 
&c.  will  purify  the  apartment,  by  promoting  ,a 
circulation  of  freftiair,  to  expel  that  which  is  in-^ 
feded.  / 

Of  Smoky  Chimnies. 

Among  the  various  inconveniences  of  lifc^ 
there  are  few  more  troublefome  than  being  obliged 
to  dwell  in  a  fmoky  houfe.  Smoke  is  a  vapour 
ofFenfive  to  the  fenfes,  and  prejudicial  to  the  health: 
it  deftroys  all  domeftic  enjoyment,  foon  tarnifhing 
the  moft  beautiful  decorations  of  a  room,  and 
fpoiling  the  furniture.  Numerous  have  been  the 
contrivances,  and  immenfe  the  fums  of  money  ex- 
pended, to  fecure  the  enjoyment  of  a  fire,  without 
the  annoyance  of  fmoke.  Men  of  the  firft  abili- 
ties have  not  thought  this  fubjed:  unworthy  of 
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into  this  vacuum,  and  gives  life  to  the  fire,  andf 
.  carries  the  flame  with  it.  2.  Never  ftir  a  fire 
when  frefli  coals  are  laid  on,  particularly  when 
they  are  very  fmall,  becaufe  they  immediately  fall 
into  the  vacuum,  and  therefor^  ruin  the  fire.  j. 
Always  keep  the  bottom  bar  clear.  4.  Never 
begin  to  ftir  at  top,  unlefs  when  the  bottom  is 
quite  clear,  and  the  top  only  wants  breaking. 

You  have  already  feen,  that  air  Has  a  conftant 
tendency  to  preferve  an  equilibrium ;  fo  that  iF 
the  weight  of  it  b^  diminifhed  ii;  one  place,  the 
heavier  air  rufhes  in  from  all  fides,  till  the  equili- 
briifin  be  again  reftored.  I  have  (hewn  you,  th^t 
heat  will  difturb  this  equilibrium  very  confider- 
ably,  that  it  expands  the  air,  and  makes  the  fame 
quantity  occupy  a  much  larger  fpace,  and  thus 
renders  it  much  lighter.  When  a  fire  is  kindled 
in  a  room,  it  heats  and  rarifies  the  air  contiguous 
to  it,  which  becomes  confequently  lighter  than  the 
fiirrounding  air,  and  therefore  afcends  into  the  at- 
imofphere,  till  it  finds  or  meets  with  air  of  the 
fame  gravity  with  itfelf,  and  the  air  in  the  room 
which  is  lower  and  more  denfe,  rufhes  in  to  fupply 
it's  place,  and  being  there  heated  and  rarified,  it 
afcends  in  the  fame  manner,  carrying  with  it  the 
fmoke  arifipg  from  the  coals  or  wood  :  the  fire  is 
fed  and  preferved  by  this  conftant  draught  and 
circulation  of  air.     ^ 

By  this  current  of  air,  the  machine  called  2^ 
fytoke^jack  is  put  in  adlion.  It  confifts  of  a  cir- 
'  cular  fet  of  vanes  difpofed  obliquely  to  the  courfc 
of  the  air,  like  the  fails  of  a  good  windmill': 
thefe  ar^  fixed  into  a  vertical  fliaft  and  fplndle 
that  commuhitate  with  fome  wheel-work;  thefe 
vanes  are  tufned  round  with  great  velocity,  when 
the  fire  burns  brifkly,  the  ftream  of  air  prefling 
fuccefTively  on  the  vanes,  as  a  ftream  of  water  on 
fhe  floats  of  a  water-whfcel.     This  may  be  illuf- 
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J:ratcd  by  an  entertaining  experiment :  here  is  a 
paper  lanthorn  adorned  with  figures,  and  fixed  to 
a  light  circular  frame  of  ten  vanes,  each  of  them 
about  four  or  five  inches  long,  and  about  one  and 
an  half  broad.  The  center  of  thefe  is  hung  on  a 
fine  upright  pivot,  I  put  a  lighted  candle  under 
the  vanes ;  in  a  little  time  the  air  heated  by  the 
candle  will  rife,  and  by  it's  fucceflive  ftrokes  againft 
the  vane,  make  the  lanifhorn  revolve  with  conii- 
^derable  velocity. 

This  circulation  is  evident  to  every  one,  and 
you  muft  all  know  how  much  fire  is  quickened  and 
increafed  by  a  blaft  of  ain  It  is  an  eftabliflied  law 
of  nature,  that  as  foon  as  a  fire  begins  to  fpre<4 
itfelf,  a  ftrcam  of  air  rufhes  in  from  all  fides  to 
fupport  it ;  and  the  larger  the  fire,  the  (harper  is 
the  indraught  of  the  air,  which  fupplies  the  fire 
with  freih  life  and  vigour:  between  the  two  a 
double  motion  is  maintained  of  fire  outwards  and 
air  inwards  ;  that  the  matter  of  fire  goes  outwards 
is  evident,  ift,  from  the  Ihadow  which  any  opake 
body  cafts  behind  it,  by  intercepting  this  matter 
in  it's  courfe ;  2dly,  from  the  heat  propagated 
through  the  air,  and  which,  at  a  confiderable  dif- 
tance  from  the  fire  itfelf,  will  adt  as  fire,  and  in- 
flame bodies  when  it  is  refleftcd  from  a  concave 
fpeculum.  The  current  of  air  inwards  you  will 
perceive  by  holding  a  filk  handkerchief,  or  any 
other  light  body  near  the  fire,  as  well  as  by  the 
rulhing  of  the  air  through  all  the  joints  and  aper- 
tures of  the  doors  and  windows  ©f  a  room  heated 
by  a  fire. 

If  you  place  any  burning  matter  under  a  re- 
ceiver not  exhaufted  of  it's  air,  the  fmoke  will 
rife  up  perpendicularly  and  with  confiderable  ve- 
locity ;  but  when  the  air  is  exhaiiftcd,  the  fmokc 
will  either  fink  down,  or  hover  as  an  atmofphere 
jibout  the  ignited  body ;  proving  that  the  fmqke 

does 
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does  not  afccnd  from  any  innate  quality,  but  is  ira^ 
pelled  or  forced  up  by  adenfe  and  adrivc  fluid. 

A  high  chimney  is /aid  to  draw  heft^  and  to  you 
the  reafon  \vill  be  evident,  for  the  higher  the  chim- 
ney, the  greater  js  the  difference  between  the  co- 
lumn of  heated  air  within  the  chimney,  and  a  co- 
lumn of  the  fame  diameter  and  altitude  without. 
For  the  air  continues  warm  find  highly  rarified  till 
it  intermixes  with  the  common  air  at  the  top  of 
the  chimney,  and  is  co'nfequently  throughout  it's 
vhole  length  lighter  than  the  fame  bulk  of  com- 
jinon  air ;  it  is  clear,  therefore,  that  the  longer 
thefe  two  columns  of  unequal  gravity  are,  the 
greater  will  be  their  difference  in  their  weight, 
the  air  will  afcend  with  greater  celerity,  and  the 
chimney  will  ad:  better. 

There  is  another  material  circumftance  to- 
.wards  promoting  a  good  draught  in  the  chimney, 
fnaking  the  air  that  is  forced  through  pajs  as  near 
the  fire  as  pqffible.  It  is  the  heated  and  rarified 
ftate  of  the  air  which  caufes  it's  afcenfion;  the 
more  air  is  heated,  the  greater  will  be  the  force 
imd  velocity  with  which  it  afcends  ;  and  air  will 
be  more  heated,  the  nearer  it  approaches  the  fire 
when  it  enters  the  chimney :  in  other  words,  the 
lower  the  mantle  of  the  chimney  is,  the  more  rea- 
dily will  the  fmoke  afccnd,  being  more  rarified, 
5md  moving  with  great  velocity. 

But  frejh  air  mujl  be  admitted  into  the  apart-- 
ment  in Jufficient  quantity  to  fupply  what  is  thus  car-- 
ried  away,  and  con/nmed  hy.tbe  firej,  otherwife  the 
air  in  the  room  would  be  foon  exhauft:ed,  and  light- 
er than  the  external  air  at  the  top  of  the  chimney, 
arid  the  fmoke  would  therefore  be  foon  difperfed  in 
the  room  ;  thus  from  the  coafideration  of  the  ac- 
tion of  the  air  and  fire,  we  are  naturally  led  to  treat 
of  the  caufes  of  fmoky  chimnies.;  and  I  pcrfuade 
/nyfelf,  that  you  will  be  enabled  yourfelves,  from 
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the  principles  already  laid  down,  when  the  caufe 
u  (hewn  you,  to  point  out  the  remedy. 

Tbe  general  caufe  offmoky  chimnies  in  a  nezu 
bou/e  is  (be  want  of  air.  The  wprkmanftiip  of  the , 
rooms  being  all  good,  the  joints  of  the  boards  of 
the  floors  all  tight  and  true ;  the  doors  and  faihes 
being  alfo  worked  with  truth,  and  fhutting  with 
cxadnefs,  there  is  no  paflage  left  for  the  air  to  en- 
ter except  by  the  key-hole,  and  that  is  often  ftop-» 
ped  by  a  dropping  fti^er.  Now  it  muft  be  plain 
to  you,  that  in  this  c^there  can  be  no  circulation 
of  air,  to  fupport  the  place  of  that  which  is  rari- 
fied  by  the  fire;  and  confequently  that  there  can 
be  no  current  to  prevent  the  fmoke  coming  into 
the  room. 

To  flop  every  crevice  in  a  room,  and  yet  fup- 
pofc  that  a  chimney  can  carry  up  the  fmoke,  is  to 
require  inconfiftencies,  and  expedl  impollibilities  ; 
yet  often  on  this  account  alone,  has  the  owner  of 
a  new  houfe  been  feen  in  defpair,  and  ready  to  fell 
it  for  much  Icfs  than  it  coft ;  and,  often  alfo  much 
C)q)ence  has  been  laid  out  to  eflFedt  a  cure  to  little 
purpofc,  as  thofe  who  were  employed  were  igno- 
rant of  the  principles  on  which  the  cure  muft  be 
ibunded. 

You  will  eafily  afcertain  whether  this  be  the 
caufe  of  the  chimaey's  fmoking;  for  if  the  opening 
a  door  or  a  window  enables  the  chimney  to  carry  up 
all  the  fmoke,  it  is  clear  that  w  ant  of  air  from 
without  is  the  caufe  of  it's  fmoking.  ^ 

Your  mind  has  already  fuggefted  to  you,  that 
the  only  pofliblc  means  of  remedying  this  evil,  muft 
he  by  a  continual  fupply  of  freih  air,  and  we  have 
only  to  confider  how  this  fupply  may  be  procured 
with  the  feweft  inconveniences.  Here,  however, 
it  wilL  be  neceflary  to  obfervc  to  you,  that  in  all 
rooms  where  there  is  a  fire,  the  body  of  air  that  \% 
warmed  and  rarified  before  the  chimney,  is  con-. 
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tinnally  changing  place,  and  making  room  for 
other  air  to  be  warmed  in  it's  turn,  rart  of  it  i& 
driven  up  the  chimney,  the  reft  rifes  and  takes 
place  near  the  ceiling.  If  the  rpom  be  lofty,  the 
warm  air  remains  above  our  heads,  as  long  as  it 
continues  warm ;  and  we  are  but  little  benefited 
by  it,  becaufe  it  does  not  defcend  till  it  is  cooler. 
The  difference  in  the  climate,  between  the 
upper  and  lower  parts  of  a  lofty  room,  is  greater 
than  you  would  at  firft  inline,  but  which  you 
may  eafily  afcertain  by  a  oKmometer,  or  goii^ 
up  a  ladder  till  your  head  is  near  the  ceiling.  It 
i^  among  this  warm  air  that  the  wanted  quantity 
ihouldi^e  admitted,  for  by  mixing  with  the  fur- 
jcounding  air,  thecoldnefs  thereof  is  abated,  and  the 
inconveniencies  that  -would  otherwife  arife  from 
it's  admilfion,  are  hereby  rendered  olraoft  infenfi- 
blc ;  and  this  may  be  eafily  effeded,  by  cutting  z, 
crevice  in  the  frame  at  the  upper  part  of  the  fafhj 
■which  may  be  concealed  by  a  thin  board  floping 
upwards,  to  give  the  air  that  paflTes  through  an  hcH 
rizontal  dired:ion  along  and  under  the  ceiling.  In 
ibmc  houfes  the  air  maybe  admitted  by  a  crevice  in 
the  wainfcot,  or  plaifteiringnear  the  ceiling  and  over 
the  opening  of  the  chimney ;  this,  where  pradicable, 
is  to  be  chofcn,  becaufe  the  entering  cold  air  cools 
the  warmeft  air  as  it  rifes  from  before  tlje  fire,  and  is 
fooneft  tempered  by  the  mixture.  It  may  alfo  be 
tffeStcd  by  a  pipe  or  tube  communicating  with  the 
ceiling,  admitting  air  there,  and  leading  from 
liicnce  downwards  on  the  outfide  or  infide  of  the 
buiiding,  the  lower  end  communicating  with  the 
external  air.  The  cold  air  would  come  in  at  the 
lower  aperture,  afcend  into  the  room,  and  imper- 
ceptibly mix  with  the  heated  air,  and  difperfing  it- 
fclf  through  the  room  to  the  fire,  carry  off  the  foul 
lir,  and  fupply  the  room  with  a  fucceflioix  of 
ihat  which  is  pure  and  wholcfome, 

2.  Smoke 
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2.  Smoke  defcends  into  the  room  when  the  open^ 
ing  of  the  chimney  is  too  large,  that  is,  when  it  if 
either  too  wide,  too  high,  or  too  deep.  Confidered 
philofophically,  the  apertures  of  the  chiiimie* 
ihould  always  be  proportioned  to  the  height  of  the 
funnel.  The  openings  of  the  longeft  funnels  may 
always  be  larger  than  thofe  with  Ihortcr  funnels. 

When  the  chimney-piece  is  too  high,  a  great 
quantity  of  cold  air  can  pafs  between  the' mantle 
and  the  chimney,  without  being  rarified  by  the 
fire,  confequently  the  contents  of  the  funnel  differ 
Icfs  in  weight  from  the  furrounding  air,  and  the 
power  ofafcending,  or  draught  of  the  chimney,  is 
confiderably  leffened,  if  not  deftroyed. 

If  the  fire-place  be  too  deep,  the  grate  ftand- 
ing  far  back,  the  air  is  not  fufficiently  heated,  near 
will  the  evil  be  cured  by  bringing  the  grate  for- 
virard,  and  leaving  a  vacuum  behind. 

When  the  opening  is  too  wide,  a  great  deal 
of  air  paffes  the  fides  of  the  grate  without  bein^ 
much  heated ;  wherever  a  quantity  of  cold  air  k 
fiiffered  to  pafs  the  chimney,  the  motion  of  the 
fmoke  is  checked  and  ftiflcd  at  it's  firfl:  fetting  off^ 
and  the  circulation  of  the  external  air  being  de- 
ftroyed  the  fnwke  defcends. 

Thefe  defedts  may  be  remedied  by  a  proper  con* 
tradion  of  the  opening  of  the  <!himney,  and  by 
filling  up  the  vacancies  behind  and  on  each  fide 
of  the  grate,  fo  as  to  let  no  air  enter  from  below 
but  what  comes  immediately  through  or  before  the 
fire,  whereby  the  air  will  be  more  heated  and  ra- 
rified, and  the  funnel  made  warmer  fo  as  to  main- 
tain a  good  draught  at  the  opening.  But  as  in  a; 
wide  chimney  a  quantity  of  cool  air  often  enters 
at  the  two  corners  of  the  mantle,  and  thus  find^ 
it's  way  into  the  chimney  without  coming  near  the 
fire  ;  to  remedy  this,  place  a  ftieet  of  milled  iron 
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on  eacTi  fide,  within  the  mantle,  ai  low  as  poflible^ 
and  flanting  upwards  towards  the  middle  of  the 
chiitiney.  This  method  is  ftill  more  efficacious, 
if  one  of  the  plates  be  placed  a  little  lower  than 
the  other,  and  made  fo  long  that  the  ends  of  one  go 
beyond  the  end  of  the  other  thus,/\.  Thus  will  every 
particle  of  air  be  obliged  to  pafs  before  the  fire, 
and  be  rarified.  It  may  be  proper  to  obfervehere, 
that  the  openings  may  be  made  too  fmall,  fo  that 
the  entering  air  operating  too  violently  and  dired:- 
ly  on  the  fire,  will  ftrengthen  the  draught,  but  will 
alfo  colxfume  too  much  fuel. 

3.  Another  cau/e  of  Jmoky  chimnies  is  having 
toojhort  a  funnel. 

There  are  fome  fituations  where  a  fliort  funnel 
cannot  be  avoided ;  th^  only  remedy  in  this  cafe, 
is  to  contrad:  the  opening  of  the  chimney,  {o  as  to 
oblige  all  the  entering  air  to  pafs  through  or  very 
near  the  fire. 

4.  //  is  very  common  for  one  chimney  to  over^ 
power  another y  and  thus  bring  down  the  f moke. 

Thus  in  a  middle  fized  room  with  two  fire- 
places, if  the  doors  and  windows  be  Ihut,  and  a 
large  briflc  fire  be  made,  it  will  foon  bring  the 
air  down  the  other  chimney  with  fuch  force  as  to 
•put  out  a  candle  :  if  fires  are  kindled  in  both,  the 
greater  and  ftronger  fire  will  overpower  thenveaker, 
and  draw  air  down  the  funnel  thereof  to  fiipply 
it's  own  wants  ;  this  air  in  defcending  will  drive 
down  the  fmoke  of  the  other  fire,  and  force  it  into 
the  room. 

If,  inftead  of  being  in  one  room,  the  two  chim- 
nie^^  are  in  two  different  rooms  communicating  by 
a  door,  the  cafe  is  the  fame  whenever  that  door  is 
open.  A  kitchen  chimney,  in  a  tight  houfe,  will, 
when  the  doors  are  open  that  communicate  with 
the  ftair-cafe,  overpower  every  other  chimney  in 
the  houfe,  and  draw  the  fmoke  down  them. 

The 
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# 
The  only  remedy  here   is  to  fupply  everj^ 
chimney  with  as  much  air  as  is  neceflary  for  irt 
own  confumption,  which  may  be  effected  by  tht 
Bicans  already  pointed  out. 

5.  Tbe  Jmdke  is  often  driven  into  a  room  by  the 
improper  and  inconvenient  Jituation  of  a  door. 

For  as  the  fmoke  is  carried  up  the  fuhnel  bj^ 
the  continual  and  fucceflive  preflure  of  the  aif 
that  enters  at  the  fire-place,  if  this  air  be  diverted 
or  driven  away  from  the  chimney,  the  fmoke  will 
be  carried  away  with  it  into  the  room  ;  indeed 
any  cifcumftance  that  turns  the  current  of  air 
from  the  under  part  of  the  fire,  will  be  an  aflured 
eaufe  of  producing  fmoke  in  the  room.  The  va- 
riety of  cafes  that  occur  under  this  head,  are  too 
many  to  bfc  enumerated  in  this  lefture.  The  re- 
medies arc  either  to  place  an  intervening  fcreen, 
or  to  Ihift  the  hinges  of  the  door. 

6.  Sometimes  an  apartment  is  filled  with  fmoke 
when  a  fire  is  kindled  in  an  adjoining  cbimtiey,  and  no 
fire  in  the  incommoded  room,  although  it  does  not 
fmoke  when  it  has  a  fire  burning  at  it^s  own  grate. 

This  generally  arifes  firft  from  the  wind  driv- 
ing the  fmoke  down  the  funnel  of  the. adjoining 
chimney  along  with  the  cold  air,  which  cold  air 
may  be  forced  down  by  a  guft  of  wind  or  by  other 
caufes ;  this  may  be  remedied  by  a  circular  parti- 
tion of  about  three  inches  between  the  funnels 
at  top. 

Or  it  may  arife  from  holes  in  the  partition 
that,  divides  the  funnels  ;  for  this  there  is  no  per- 
fed  cure,  but  pulling  down  the  chimney  to  the 
part  where  the  holes  are>  and  rebuilding  it  in  a 
found  manner.  You  may  be  relieved,  by  makirtg 
Hfe  of  a  chimney  or  fmoke  board,  fitted  exadlly 
into  the  aperture  of  the  chimney. 

7.  If  the  funnel  be  made  fo  narrow  as  not  to 
permit  the  fmoke  to  pafs  freely^  it  is  checked  by  the 
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fudden  contraSion  at  the  fnouth  of  the  chimney^  and 
will  be  forced  into  the  room  before  it  can  overcorne, 
the  rejijlance  to  it's  afcent.  Every  chimney  Ihould 
be  made  wide  enough  to  carry  off  all  the  fmoke 
arifing  from  the  fire  ufually  burned  in  it. 

The  moft  obvious  cure  is  what  can  felddm  be 
cffedted  without  much  inconvenience  and  expcnce, 
that  is^  building  an  additional  flue  to  carry  up  the 
furplus  of  thefmoke  ;  but  if  the  fituation  wiU  noc 
admit  of  this,  the  fire-place  may  be  contradled 
both  in  breadth  and  height,  and  a  fmaller  grate 
ufed,  and  the  funnel  heightened.  If  this  only 
cures  in  part,  and  the  chimney  ftill  fmokes  in  part^ 
a  blower,  or  front  plate  of  brafs  or  iron,  to  put  on 
and  take  off  at  pleafure,  muft  be  ufed. 

8.  Thefmoke  is  often  drawn  down  by  a  wrong  po^ 
fition  of  the  houfe  with  refpe£l  to  external  objeffs^ 
as  when  tops  of  chimnies  are  commanded  by  higher 
buildings^  or  by  a  hill,  £s?r.  which  by  interrupting 
the  courfe  of  the  air  make  it  aflume  various  di- 
redions,  and  drive  the  fmoke  down  the  chimney 
in  a  ftream,  or  wheeling  about  in  eddies,  prevent 
it's  afcent. 

Hence  it  is  that  low  houfes,  when  contiguous 
to  high  objefts,  are  in  danger  of  being  difturbed 
with  fmoke.  If  the  contiguous  objcdt  be  not  very 
high,  the  diforder  may  be  cured  by  heightening 
the  chimney ;  but  if  it  be  very  high,  it  will  be 
neceflary  to  place  a  turncap,  or  fome  fuch  other 
contrivance,  on  the  top  of  the  chimney,  as  will 
prevent  the  wind  from  entering  it,  while  it  leaves 
a  free  paflage  for  the  fmoke. 

9.  The  fmoke  will  fome  times  be  driven  down 
by  ftrong  winds  paffing  over  the  top  of  the  funnelsi 
This  cafe  is  moft  frequent  where  the  funnel  is 
fliort,  and  the  opening  turned  from  the  wind. 

When  a  violent  current  of  air,  or  a  ftrong 
wind,  paflcs  over  the  top  of  a  chimney,  the  parti- 
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des  thereof  acquire  fb  much  for cc>  and  moV^  with 
fo  much  rapidity  in  a  direcftion  nearly  horizontal, 
a^  to  prevent  the  rifmg  light  air  from  ilTuingout 
at  the  top  of  the  chimney,  and  fome  of  the  current 
is  alfo  often  driven  down  the  chimney*  Where 
this  happens  often,  a  turncap  will  be  the  belt 
remedy. 

Chimnies,  whofe  funnels  go  up  ih  the  north 
wall  of  a  houfe,  and  are  expofed  to  the  north 
winds,  do  not,  in  general,  draw  fo  well  as  thofe  in 
a  fouth  wall,  becaufe  when  rendered  cold  by  thofc 
winds  they  check  the  fmoke* 

Chimnies  inclofed  in  the  body  of  a  houfe,  are 
better  than  thofe  whofe  funnels  are  expofed  in 
cold  walls. 

Chimnies  in  ftacks  draw  better  than  feparate 
funnels,  becaufe  the  funnels,  that  have  conftant 
fire  in  them,  warm  the  others  in  fome  degree  that 
have  none. 

All  funnels  fhould  have  a  winding  diredion 
as  near  the  top  as  poflible,  which  would  in  a  great 
xneaflire  prevent  any  ill  effedls  from  ftrong  or 
fudden  gufts  of  wind. 

I  have  now  Ihewn  you  the  general  caufes  which 
prevent  the  free  afcent  of  fmoke ;  in  fome  cafes 
two  or  more  of  thefe  caufes  may  operate  at  the 
fame  time. 

Dr.  Franklin  obferved  a  curious  circumftancc 
relative  to  chimnies,  which  does  not  feem  to  have 
been  noticed  by  any  one  elfe,  and  which  is  wor- 
thy of  your  attention,  namely,  that  in  fummer 
time,  when  no  fire  is  made  in  the  chimnies,  there 
is,  neverthelefs,  a  regular  draught  of  air  through 
them,  palling  upwards  from  about  five  or  fix  o'clock 
in  the  afternoon,  till  eight  or  nine  o'clock  the 
next  morning,  when  the  current  begins  to  flacken 
andhefitate  a  little  for  about  half  an,  hour,  and 
then  fets  as  ftronglv  down,  which  it  continues  to 
Vol.  I.  G  do 
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do  till  towards  five  in  the  afternoon^  whci¥  k 
flackens  and  hefitates  a*  before,  for  aboiit  halT  aii 
hour^  and  gets  a   ftcady  upward  current  for  the 
night*  The  hours  vary  a  Kttle  as  the  days  Icngthca 
tnd  (horten  j    they   are    alfo  varied  by   fudden 
chaises  in  the  weather^    In  fummer  time  there  is 
a  great  difference  in  the  warmth  of  nhe  air  at  mid- 
day atnd  mid-night,  and  of  courfe  in  it's- fpeci  fie 
gravity,  as  the  more  the  snr  is  warmed  the  more  it 
is  rarifiedv    The  funnel  of  the  chi*nney  being  ge- 
nerally furrounded  by  the  houfe,  is  protcdtcd  both 
from  the  heat  of  the  fiin*s  rays,,  and  the  coohiefs 
€>f  the  night  -^  this  mean  temperature  it  communi- 
cates to  the  air  contained  in  it.     If  the  cMiter  air 
is  cooler  than  that  in  the  funnel,,  it  will,,  by  being 
heavier,  force  it  to  rife,  and  go  out  at  the  top^ 
what  fuppHe^  it's  plax^e,  being  warmed  by  the  fun- 
nel,. is=  in  it's  turn  alfo  forced  up  the  chimney,  and 
jb  the  current  continues  titt  the  next  day^  when 
the  fun  warms  the  air :   and  the  funnel  being  now 
cooler  than  the  air  that  enters  it,  that  air  is  ren- 
dered heavier  than  the  furrounding  air,,  and  there- 
fore defcends^ 

It  will  be  eafy  for  you  to  make  ^  few  experi- 
ments on  this  fub}e(ft,  and  thus  render  the  doc- 
trines itr  contains  femiliar  to  your  minds :  for  this^ 
purpofe  furnilh  yourfelves  with  a  number  of  fmall 
rcprefcntations  of  rooms  ;  let  each  of  them  be 
compofed  of  five  panes  of  window-glafs  framed  ire 
wood  at  the  corners,  with  proportionable  doors, 
moveable  glafs  chimnics^and openings  of  diflferent 
ftzes,  and  different  lengths  of  funnel ;  the  rooms^ 
may  be  fo  contrived  as  occasionally  to  communi- 
cate one  with  the  other,  and  thereby  form  different 
combinations  ;  fourteen  or  fifteen  pieces  of  green 
wax  taper,  ftuck  together  in  a  (quare,  would  make 
a  (Irong  fire  for  a  fmall  glafs  chimney,  and  when 
Iblown  out  would  continue  to  burn  and  give  fmoke 
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as  long  as  defircd.  With  fuch  an  apparatus,  all 
the  operations  on  fmokc  and  rarified  air,  may  ba 
vi^c  with  cafe,  and  the  efFefts  would  be  fcen 
oirough  the  tranfparent  fides. 

From  what  has  been  faid  on  the  methods  of 
curing  fmoky  chimnies,  you  will  fee  the  import- 
ance of  experimenting  in  philofophy ;  and  that 
while  we  are  inveftigating  one  fubjed:,  new  light 
is  often  thrown  upon  another.     You  little  thought 
of  the  relation  of  the  experiments  on  rarified  air, 
to  that  of  our  common  fires  :  it  is  thus  that  fomc- 
thing  unexpected  often  ftarts  up  in  the  courfe  of 
our  inquiries,  and  the  accidental  difcovery  is  ofteii 
of  more,  importance  than  the  original  bufinefs  of 
the  refearch.  To  an  attentive  obferver,  fcarce  any 
thing  will  pafs  without  it's  ufe,  and  without  mak* 
ingfome  addition  to  fcience. 

Chimnies  have  not  been  of  long  date  in  Eng- 
land, and  the  fmoke  was  let  through  a  hole  in  the 
roof.  There  is  extant  in  the  records  of  one  of 
Queen  Elizabeth's  parliament,  a  motion  made  by 
a  member,  reciting,  *'  That  many  dyers,  brewers, 
"  finiths,  and  other  artificers,  had  of  late  taken  to 
"  the  ufe  of  pit-coal,  for  their  fires,  inftead  of 
"  wood,  which  filled  the  air  with  noxious  vapours 
''  and  fmoke,  very  prejudicial  to  the  health,  par-^ 
"  ticularly  of  perfons  coming  out  of  the  country ; 
"  and  therefore  moving,  that  a  law  might  pafs  to 
"  prohibit  the  ufe  of  fuch  fuel,  at  leaft  during  the 
"  feflion  of  parliament,  by  thofe  artificers."  It 
was  not  then  ufed  in  private  houfes,  the  unwhole- 
fomenefs  was  the  objedion^  fortunately  the  inha- 
bitants got  over  this  objedlion,  and  now  think  ft 
rather  contributes  to  render  the  air  falubrious,  as 
they  have  had  no  gerleral  peft:ilential  diforderfince 
the  general  ufe  of  coals,  though  before  that  ufe 
they  were  frequent. 

Qz  Of 
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You  have  fecn,  that  in  a  given  quantity,,jair 
may  be  expanded  into  a  larger  fpace,or  contradied 
into  a  fmaller.  I  have  explained  the  nature  of 
the  air-pump,  by  which  it  is  rarified  and  ex- 
haufted,  and  now  proceed  to  Ihew  you  that  phi- 
lofophy  has  engines,  not  only  to  ratify,  but 
alfo  to  condenfe  the  air,  and  thus  increafe  it's 
Ipring  by  artificial  compreffion. 

This  machine  is  called  a  condenfing  engine : 
it  coniifts,  I  ft.  Of  a  fyringe  to  condenfe,  or  rather 
to  throw  ft-efh  air  into  the  fame  fpace.  2d,  A 
ftrong  receiver  to  hold  this  air.  3d,  A  guage  to 
meafure  the  degree  of  compreflion.  The  receiver 
is  confined  down  to  the  plate  by  fcrews,  that  it 
may  not  be  forced  up,  and  thus  let  the  air  cfcape* 

As  much  air  is  thrown  into  this  receiver,  at 
every  ftroke  of  the  pifton,as  the  fyringe  will  contain  ; 
this  will  be  evident  to  you  when  you  confider  the 
conftrudion  of  this  fyringe.  Whei;i  the  pifton 
(which  is  foiid)  is  drawn  from  the  bottom,  it 
leaves  a  vacuum  under  it;  till  it  gets  beyond  this 
fmall  hole  near  the  top  of  the  barrel,  the  external 
air  ruihing  through  that  hole  into  the  barrel  fills  it 
with  air ;  now  the  valve  in  this  fyringe  opening 
downwards,  contrary  to  what  you  obferved  in  the 
air-pump,  when  I  puih  the  pifton  down,  all  the  air 
contained  in  the  barrel  is  forced  into  the  receiver, 
and  cannot  return ;  the  air,  therefore,  therein  is 
compreflcd,  and  may  be  thrown  in  till  it  is  ren- 
dered fo  denfe,  and  it's  fpring  as  great  as  the 
ftrength  of  the  machine  will  bear.  You  may  al- 
ways know  the  degree  of  condenfation  by  the  mer* 
curial  guage: — when  the  quickfilver  has  gone 
through  half  the  fpace  between  it  and  the  end  of 
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Ac  tube,  the  air  is  of  a  double  denfity ;  when  it 
has  paffed  two-thirds  of  the  fpace,  the  air  is  three 
times  denfer,  and  fo  on,  for  the  denfity  of  ibjt  air  is  ^ 
always  inverfely  as  tht  fpace  it  occupies.  As  the 
quantities  forced  in  by  each  ftroke  of  the  pifton 
are  equal,  the  quantities  in  the  barrel,  and  corife- 
quently  the  degrees  of  condenfation,  increafe  in  an 
arithmetical  progreffion.  If  the  receiver  be  not 
made  very  ftrong,  it  would  be  foon  torn  afunder 
by  the  air's  elaftic  force,  which  we  have  already 
flicwn  you  to  be  as  the  comprefling  force. 

Mr,  Boyle  has  left  us  a  great  number  of  ex- 
periments made  with  a  condenfing  ei^ine,  which 
flicw  that  animals  may  be  killed  by  too  great  a 
condenfation  of  air;  that  when  condenfed  to  a 
moderate  degree,  he  found  them  to  live  longer 
tha^in  than  in  common  air  ;  that  it  fcarcely  af- 
feded  infed:s  and  frogs  ;  that  mouldinefs  was 
promoted  nearly  in  proportion  to  the  degree  of 
condenfation;  and  that  vegetation  was  not  injured 
thereby. 

If  the  air  be  exbaufted  from  two  hemif- 
pheres,  of  three  inches  and  a  half  diameter,  it 
will  require  a  force  equal  to  about  one  hundred  and 
forty  pounds  to  fq^arate  them.  But  if  the  fame 
hcmifpheres  be  placed  under  the  receiver  of  the  air- 
pump,  without  exhaufting  the  air  from  them,  and 
fo  much  air  be  thrown  into  the  receiver  as  to  ren- 
der it  douWe  the  denfity  of  the  external  air,  it  will 
require  the  fame  weight  to  feparate  them ;  a  fur- 
ther proof  of  the  atmofpheric  preffurc.  But  if  the 
hcmifpheres  were  exhaufted  before  they  are  put 
^er  the  receiver  of  the  condenfing  engine,  and 
then  the  air  is  doubled  in  denfity,  it  will  re- 
quire a  weight  of  two  hundred  and  eighty  pounds 
to  feparate  them;  fo  that  a  double  atmofpherc 
kas  the  fame  advantage  over  a  fingle  one,  that  the 
^Ic  one  has  over  a  vacuum. 

G^  The 
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The  found  of  a  bell  is  much  louder  in*  con- 
dcilfed  than  in  common  air. 

A  rotmd  phial,  that  would  bear  the  preffurc 
of  the  atmofphere,  may  be  broken  by  condenfcd 
air,  the  air  being  exhaufted  from  the  infide. 

A  bladder  that  will  not  break  with  the  na- 
tural fpring  of  the  air,  will  foon  be  burft  by  the 
increafed  elafticity  of  condenfed  air.  Indeed  the 
force  of  condenfed  air  may  be  increafcd  fo  as  to 
counteract  the  greateft  powers  we  can  apply  againft 
i£;  and  as  the  air  from  it*s  fituation  mull  be  greatly 
condenfed  in  the  lower  parts  of  the  earth,  m  ith 
die  application  of  heat,  it  may  have  the  moft  pro- 
qigious  efFedls,  producing  convulfions  in  the  body 
^f  the  earth,  and  even  a  difruption  of  the  parts 
extending  to  the  furface. 

To  this  fufceptiblity  of  the  air,  of  being  con^ 
denfed^  and  of  it's  furpriling  expanfive  force  when 
this  preiTure  is  taken  off,  we  are  indebted  for  the 
wind-gun,  where,  by  great  condenfation,  the  air 
gives  motion  to  leaden  bullets,  after  the  manner  of 
gunpowder.  In  the  prefent  mode  of  making  them, 
a  hollow  ball  is  affixed  to  the  breach  of  the  gun, 
this  holds  the  ^condenfed  air,  which  is  prevented 
from  entering  by  a  valve,  which  valve  is  governed 
by  a  fpring*  On  difcharging  the  cock  the  valve 
opens,  but  clofes  almoft  inftantaneoufly,  by  means 
pf  a  fpring.  Th^  air  that  efcapes  forces  out  the 
ball  with  fuch  violence,  that  it  will  be  driven  to 
the  diftance  of  60  or  70  yards,  or  even  further. 
Several  fliot  may  be  discharged  without  throwii)g 
frefti  air  into  the  condenfmg  ball ;  but  the  force, 
as.  you  may  infer  from  what  has  been  already 
explained,  leflens  at  every  difcharge,  the  fluid 
being  lefs  compreffed,  and  it's  elafticity  of  courfo 
VX^ker. 

I  (hall  now  ihew  you  how  condenfed  air,  by 
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iffipreflurc  on  the  furfacc  of  water,  will  giv^  mo- 
don  to  it>  and  produce  a  pleafing  artificial  fbiin- 
^^»  (fis^  ^3»  ^'*  3O     '^^^^  fountain  confifts  of  a 
ftrong  copper  veffcl,  which  is  to  be  filled  partly 
with  water,  partly  with  air ;  this  pipe   is  long 
enough  to  reach  nearly  the  bottom  of  the  copper 
veffcl :  at  the  upper  end  of  the  pipe  is  a  ftop-cock* 
I  fill  the  vcflel  about  two-thirds  with  water,  and 
then  fcrew  in  the  pipe;  the  jundbion  is  you  fee 
nude  air-tight,  by  means  of  in  oiled  leather ;  the 
air  contained  between  the  furfacc  of  the  water  and 
the  top  of  the  fountain,  is  at  prefent  of  the  fame 
dcnfity  with  that  of  the  atmofphere.     I  fcrew  the 
condcnfii^  fyringe  to  the  upper  part  of  the  ftop- 
cock,  and  by  it  throw  air  into  the  veflel,  which,  as 
it  cannot  return,  forces  it's  way  through  the  water 
into  the  upper  part  of  the  fountain,  and  there  re- 
mains in  a  ftate  of  greater  condenfation  than  the 
outward  air.     Having  thrown  in  as  much  as  I 
think  neceflary,  I  turn  the  ftop-cock,  unfcrew  the 
fyringe,  and  fcrew  in  it's  place  a  jet  or  pipe,  with 
afmall  aperture  at  top.     I  now  turn  the  ftop-cock 
again, 'to  open  the  communication  between  the 
external  air  and  pipe,  and  the  water  is  imaicdiate- 
ly  thrown  up  a  confiderable  height  by  the  preffurc 
pf  the  included  air ;  the  force  with  which  it  is 
thrown  upwards  is  as  the  excefs  of  the  preflure  of 
the  included  air  above  the  eternal  air ;  and  as  the 
preflure  of  the  atmofphere  is  equal  to  a  column  of 
water  thirty-throe  feet  in  height,  if  the  included 
air  is  thrice  as  dcnic  as  the  external,  the  height  of 
the  jet  will  be  fixty-fix  feet ;  but  in  proportion  as 
the  quantity  of  water  in  the  fountain  is  leffened, 
the  air  has  more  room  to  expand,  ifsclafticity  is 
diminifhed,  and  it  z&&  with  lefs  force  upon  the 
Hater. 

To  render  this  experiment  more  entertaining, 
the  fountain  is  fumilhed  with  a  variety  of  curious 

G4  jets^ 


Digitized  by  VjOOQIC 


88      Lectures  on  Natural  Philosophy. 

jets,  which  may  be  fcrcwcd  in  the  place-  of  that 
which  is  now  at  the  top  of  the  fountain. 

Here  is  one  that  throws  up  a  cork  ball,  which 
will  fomctimes  remain  fufpcndcd  on  the  top  of  the 
water ;  it  will  often  devolve  on  it*s  center,  fall  and 
rife  again,  fpreading  the  water  all  around. 

Another  jet  is  made  of  a  hollow  brafs  globe, 
pierced  with  a  number  of  fmall  holes  tending  to 
the  center ;  the  water  rufhing  through  thcfe,  with 
the  directions  in  which  the  holes  are  made,  forms 
a  very  pleafing  fphere  of  water. 

Among  MIC  variety  of  jets,  fome  forming  caf- 
eades,  revolving  jets,  &c.  &c.  there  is  none  more 
ftriking,  or  more  pl^ding  than  one  in  the  form  of 
a  crofs,  in  which  the  jets  are  fo  accurately  at  right 
•ngles  to  each  other  as  to  meet  in  that  diredion, 
which  then  changes,  and  takes  another  nearly  in- 
termediate with  the  former  direction  ;  illuftrating 
very  plcafingly  the  do<ftrine  of  compofition  and  rc- 
folution  of  forces,  in  which  you  will  be  inftruded 
in  our  mechanical  ledlures. 

The  condenfing  fountain  and  it's  jets  are  rc- 
prefcnted  at  j?^,  J2,  13,  14,  15,  16,  17,  18,  19. 

It  will  not  be  improper,  before  we  proceed 
further,  to  recapitulate  to  you  the  laws  I  have  cx-i 
plained  concerning  the  elafticity  of  atmofpheric 
air.  I  ft,  I  have  ftiewn  you  that  air  may  be  con- 
denfed  by  preflure,  and  that  the  fpace  into  which 
it  is  contracted  i$  in  the  inverfe  ratio  of  the  prcf- 
fure ;  thus,  if  one  pound  weight  contract  a  quan- 
tity of  air,  which  m  a  natural  ftate  occupies  the 
fpace  of  twelve  cubic  inches,  into  a  fpace  equal  to 
fix  cubic  inches,  two  pounds  will  reduce  it  into 
three  cubic  inches,  three  pounds  into  two  cubic 
inches,  &c.  No  experiments,  that  have  been  hi-^ 
(herto  made,  fhew  the  ultimate  limits  of  this  con- 
^f  nfttion }  for  aft^r  being  compreffed,  as  much  as 
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tJic  inftruments  made  for  that  purpofe,  would 
bear,  it  ftill  feemed  capable  of  much  greater  com- 
preffion,  by  the  application  of  a  greater  forcc^ 
Neither  prejfure,  nor  cold,  nor  any  other  means, 
have  yet  exhibited  air  as  a  folid,  or  even  rendered 
it  a  vifible  fluid. 

dd.  You  have  alfo  feen  that  as  air  is  con- 
tradled  into  a  fmaller  fpace  by  preflure,  fo  it  eic- 
pands  into  a  greater  fpace  when  the  preffure  that 
confines  it  is  removed.  The  limits  of  this  expan- 
fion  are  not  known,  nor  arc  there  any  experiments 
to  fliew,  that  when  air  has  attained  a  certain  ex- 
panfion,  it  is  not  capable  of  a  greater. 

3d,  The  elafticity  of  the  air  does  not  feem  to 
be  impaired  by  a  long  and  continued  preffure,  fo 
that  if  a  given  quantity  of  air  is  kept  for  a  long 
time  highly  comprefled  or  very  much  rarified,  it 
will  always  return  to  the  fame  given  quantity, 
when  put  into  the  fame  circumftances  that  it  wa$ 
in  before  the  condenfation  or  rarifac^tion. 

4th,  Air  is  rarified  by  heat,  and  contrafted  by 
cold.  ♦ 

5th,  The  weight  of  the  atmofphere  is  conti- 
nually changing,  lo  that  if  at  one  time  it  forms  a 
counterpoize  to  a  column  of  quickfilver  of  thirty 
inches,  at  another  time  it  will  lupport  a  longer  co- 
lumn, and  at  others  one  not  fo  long. 

I  may  now  proceed  to  explain  to  you  a  few 
more  of  thofc  machines  which  depend  on  the 
fpring  and  weight  of  air :  among  thefe  there  are 
Hone  fo  neceflary  for  you  to  be  well  acquainted 

with 

*  Colond  Roy  conclucjes  from  his  experiments  (Phil.  Tnnf. 
»777,  p.  704,)  that  fixiy .fix  degrees  of  Fareinhcit's  thermometer 
4ilates  the  air  2.58090  thoufandths  parts  of  it's  hulk.  M.  de 
Sauflure  makes  the  fame  degree  oimr  dilate  it  1.88615.  ^«  ^^ 
SaufTure  attributes  this  enormous  difference  in  their  refultsto  the 
difference  pf  C9pacitics  of  the  TeQcls  in  which  the  experiments 


Digitized  byVjOOglC 


ijp*      Lectures  ok  Natural  Philosophy. 

with  as  the  different  kinds  of  pumps.  They  arc 
genciiaUy  divided  into  two  kinds:  ift.  The  com- 
mon, or  as  it  is  often  improperly  called,  the 
focking-pump.     2d,  The  forcing-pump. 

Ot  the  Common  or  House-Pump. 

This  is  faid  to  have  been  invented  by  Ctcfebes, 
a  mathematician,  about  120  years  before  Chrift. 
The  operation  of  this  pump  depends  on  the  prct- 
iiirc  of  the  atmofphere  ;   which  being  equivalent 
to  30  inches  of  mercury,  or  34  feet  of  water  on  a 
given  furfacc,   it  is  plain  that  water   cannot   be 
raifed  by  this   fpccies  of  pump,  to  an  altitude 
greater  than  that  of  about  34  feet :   this  height 
varies,  being  a  little  greater  or  Icfs^  on  account  of 
the  differences  in  the  weight  of  the  atmofphere. 
It   is  feldom,  however,  applied  to  railing  water 
above  28  feet,  left  the  pump  fhould  fail  in  it's 
performance.      Here  is  a  model  of  the  common 
pump  in  glafs,  (jig.  22,  pL  i,)  that  you  may  fee 
the  adtion  of  the  pifton  and  the  motion  of  the 
valves.     It  confifts  of  a  pipe  open  at  both  ends : 
this  pert  which  is  larger  than  the  other  is  called 
the  body  of  the  pump ;  in  this  there  is  a  moveable 
pifton :  the  pifton  you  fee  fits  fo  exadlly  to  that 

{)art  of  the  pipe  wherein  it  works,  that  it  does  not 
et  any  air  pafs  between  it  and  the  pipe.  The 
loweft  point  to  which  the  pifton  can  be  depreflcd^ 
and  the  highcft  point  to  which  it  can  be  raifed,  is 
called  tbejlroke  of  the  pifton. 

Here  are  alfo  two  valves,  both  opening  up-» 
wards ;  the  one  in  the  lower  part  of  the  pump, 
fhe  other  at  the  upper  part  of  the  pifton.  I  put 
the  bottom  of  the  pipe  in  water,  and  thruft  the 
pifton  to  the  bottom  of  the  barrel  or  body  of  the 
pump,  pouring  fome  water  on  it  to  keep  the  pifton 
tight.  I  raife  up  the  pifton,  which  leaves  a  va- 
cuum in  the  barrel,   into  which  the  air  in  the 

lower 
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lower  part  of  the  pipe  will  expand ;  the  air  in  the 
pipe  being  thus  rarified,  and  it's  fpring  weakened 
by  the  expanfion,  it  prefles  lefs  upon  the  furface  of 
the  water  in  the  pipe;  than  the  atmofphcre  doe* 
on  the  furrounding  water ;  confequently  the  water 
'will  rife  in  the  tube  till  the  air  within  is  as  denfc 
as  that  without,  and  thus  reft  between  two  equal 
preflures.  I  then  deprefs  the  pifton,  but  tho 
valve  which  opened  to  let  the  air  come  out  of  tha 
pipe,  will  permit  none  to  go  back  again ;  it  there- 
fore forces  it's  way  through  the  valve  in  the  pifton^ 
and  mixes  with  the  common  air.  After  a  few 
ilrokes  the  whole  of  the  air  is  extradled,  and  then 
the  water  rifes  through  the  valve,  and  is  difcharged 
by  the  pifton :  the  water  will  now  continue  to  run 
out  of  the  fpout  as  long  as  I  continue  to  work  the 
pump.  You  fee  that  every  time  the  pifton  iaf 
lifted  up,  the  lower  valve  opens,  and  the  upper 
one  clofes ;  but  on  deprefling  the  pifton  the  lower 
valve  clofes,  and  the  upper  one  opens:  it  is  by 
this  fimple  mechanifm  that  we  fo  eafily  raife 
water,  and  avail  ourfelves  of  the  preffure  of  the 
atmofphere;  the  pifton  in  rifing,  lifting  up  all 
the  water  above  it  and  difcharging  it,  and  while 
it  rifes,  more  water  pafles  through  the  lower  valve 
to  be  lifted  up  at  the  next  ftroke  of  the  pifton. 

Though  the  preffure  of  the  atmofphere  will 
not  raife  water  higher  than  34  feet ;  yet  when  the 
water  has  once  got  above  the  pifton,  it  may  bo 
lifted  thereby  to  any  height,  if  the  pifton-i-od  bo 
made  long  enough,  and  a  mfficicnt  degree  of  power 
or  ftrength  be  employed  to  i-aife  it  with  the  weight 
of  water  above  the  pifton. 

If  a  pump  admits  or  takes  air  at  the  lower 
valve,  the  water  will  fall  down  into  the  refervoir, 
for  the  fame  reafon  that  the  mercury  would  fall 
TOt  of  the  tube  of  a  barometer,  if  the  air  was  let 
iMD  the  top  of  the  tube.    )f  the  water  has  been 
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ciut  of  a  pump  for  fome  time,  the  leathers  of  the 
valvc3  grow  dry,  and  will  neither  open  nor  ftiut 
freely ;  the  leather  round  the  pillon  grows  dry 
alfo,  and  will  not  then  fill  cxac^Uy  the  cavity  of  the 
barrel.  The  mode  ufed  to  fetch  the  water  again, 
as  it  is  called,  is  by  pouring  a  pail-full  of  water 
down  the  pump,  to  moillen  the  valves,  and  make 
them  Ihut  and  open  freely,  and  fwell  the  leather 
round  the  pifton,  fo  that  it  may  fill  the  cavity  of 
the  barrel ;  when  this  is  done,  the  pump  will  work 
as  well  as  before. 

The  force  required  to  work  a  pump,  is  as  the 
height  to  which  the  water  is  raifed,  and  the  fquarc 
of  the  diameter  of  the  barrel  in  which  the  pifton 
works. 

Confcquently,  if  there  be  two  pumps  of  equal 
heights,  but  the  diameter  of  the  ohe  twice  as  large 
as  that  of  the  other,  the  largeft  will  raife  four  times 
more  water  than  the  fmaller  one,  and  will  require 
four  times  as  much  ftrength  to  work  it. 

The  diameter  of  the  pump  in  any  other  part 
but  where  the  pifton  works,  does  not  increafe  or 
diminifti  the  difficulty  of  working  it,  except  fome 
difference  occafioned  by  fridion,  which  is  more 
in  a  narrow  bore  than  a  wide  one.  The  handle 
afts  as  a  lever,  to  give  an  advantage  to  thofe  who 
work  the  pump. 

The  longer  ftroke  the  pump  makes,  the  more 
water  it  raifes  with  the  fame  power,  lefs  water 
being  loft  by  the  ftiutting  of  the  valve. 

Here  it  may  be  neceflary  to  obferve,  that 
though  the  preffure  of  the  air  on  the  water  in  the 
well,  &c.  will  raife  this  water,  yet  this  afliftance  is 
counterballanced  by  the  weight  of  the  atmofphere 
on  the  water  thus  raifed  on  the  pifton ;  fo  that  the 
advantage  obtained  by  this  engine,  is  that  of  put- 
ting things  into  a  more  convenient  and  manageable 
form,  and  it  will  be  well  worth  your  while  to  re- 
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member  this  circumftance,  as  you  will  find  it  take 
place  in  alxnoll  every  other  piece  of  mechanifm. 

Of  the  Forcing  Pump; 

Or  that  kind  which  rai/es  water  by  the  force  of 
condenfed  air. 

Of  this  kind  here  is  alfo  a  model,  (fig.  11,  pi.  i,) 
by  which  you  fee,  that  the  pipe  and  body,  or  barrel 
of  the  pump,  is  the  fame  as  the  preceding  one, 
but  that  there  is  no  valve  in  the  pifton :  at  the 
bottom  of  the  barrel  there  is  a  fmall  tube  placed 
at  right  angles  to  the  barrel  of  the  pump ;  to  the 
other. end  of  this  tube  is  cemented  a  ciftern,  into 
which  the  water  is  to  be  forced ;  from  the  top  of 
the  ciftern  there  is  a  tube  which  goes  nearly  to  th^ 
bottom  thereof.  You  obferve  alfo  two  valves,  one 
fixed  near  the  bottom  of  the  barrel,  the  other  in 
the  fmall  tube  or  forcing-pipe.  This  pump  adts 
in  the  firft  place  by  the  atmofpheric  preffure,  as 
the  preceding ;  and  then  by  forcing  the  water  into 
this  ciftern,  the  air  in  which  being  condenfed,  will 
prels  upon  the  water,  and  throw  it  up  a  conlider- 
able  height,  in  the  fame  manner  you  faw  it  a6t  in 
the  condenfing  fountain. 

I  ftiall  now  work  it  to  fliew  you  the  eflfedl : 
when  I  lift  up  the  pifton,  the  air  between  that  and 
the  water  below  having  room,  dilates  itfelf,  and 
preflcs  lefs  ftrongly  on  the  water,  and  a  few  ftrokes 
will  foon  bring  the  water  above  the  valve  in  the 
barrel.  When  the  pifton  defcends,  as  the  water 
cannot  pafs  through  it,  nor  back  again  into  the 
lower  part  of  the  pump,  it  is  forced  through  thcj 
bent  pipe  and  valve  into  the  refervoir  or  air-veflTel; 
the  moment  I  raife  the  pifton  again,  this  valve  you 
fee  (huts,  and  prevents  the  water  in  the  air-veffel 
from  returning.  m 

Thus  being  by  repeated  ftrokes  forced  into 
th^air-vcifel^  it  gets  above  the  lower  end  of  thi^ 
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pipe,  and  then  begins  to  condenfe  or  crowd  the  air 
into  a  fmaller  fpace  ;  for  as  the  fmall  pipe  is  fixed 
fo  as  to  be  air-tight  at  the  top  of  the  refervoir, 
and  the  air  has  no  way  of  efcaping  but  through  it, 
that  way  is  cut  off  when  the  end  thereof  is  covered 
with  water ;  the  air  is  more  and  more  condenfed 
as  the  water  rifes,  fo  much  fo,  that  you  fee  by  it's 
prelTure  on  the  furface  of  the  water  it  forces  it 
through  the  pipe  in  a  jet  to  a  confiderable  heighti 
while  I  fupply  it  with  water,  by  continually  work- 
ing the  pifton :  the  higher  the  furface  of  the  water 
is  raifed  in  the  air-veffel,  the  fmallcr  you  fee  is  the 
Ipace  into  which  the  air  is  condenfed,  and  the 
more  powerful  it's  adion  on  the  water,  which  it 
drives  with  greater  force  through  the  pipe;  and  as 
the  fpring  of  the  air  remains  and  ads  while  I  am 
railing  the  pifton,  the  ftream  continues  uniform  as 
long  as  I  work  the  pump. 

Water  may  be  raifed  by  a  forcing-pump  to 
any  height  above  the  level  of  a  river  or  fpring, 
and  machines    may  be  contrived  to  work  thefc 

Eumps,  either  by  a  running  ftream,  a  fall  of  water, 
y  horfes,  or  by  fteam. 

The  water-works  at  London-bridge  exhibit  a 
moft  curious  engine  of  this  kind :  the  wheel-work 
is  fo  contrived  as  to  move  either  way  as  the  water 
runs  ;  the  engines  are  faid  to  raife  above  140,000 
hogftieads  of  water  each  day. 

The  engine  ufed  for  extinguifhing  fires,  adls 
as  a  common  and  forcing-pump,  and  raifes  water, 
as  you  have  feen,  to  great  heights,  and  with  confi- 
derable velocity. 

Of  the  Syphon. 

This,  though  a  finall  inftrument,  muft  not  be 
i^gledled :  it  confifts  you  fee  of  a  bent  tube,  one 
end  of  which  is  longer  than  the  other.  I  immcrge 
the  ftiorter  leg  into  this  vcffel  of  water;  I  now 
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fSraw  the  air  out  of  this  tube  by  my  mouth,  and 
you  fee  that  as  foon  as  the  air  is  drawa  out^  of  the 
tube,    the  preflurc  thereof  on  the  water  in  the 
veflel  will  force  it  up  the  Ihortcr  leg,  over  the 
bend,  and  down  the  other ;  and  when  I  take  my 
mouth  away  from  the  longer  leg,  it  will  begin  to 
run  out,  and  continue  running  till  it  is  below  the 
aperture  of  the  ihorter  leg.     Th^  water  is  raifed 
in  the  lower  leg  by  the  prefliire  of  the  air,  and  if 
the  legs  of  the  fyphon  were  equal,  it  would  not 
run  out,  as  there  would  be  an  equal  preffure  on 
both  ends,  one  counterafting  the  other ;  but  when 
one  leg  is  longer  than  the  other,  the  water  begins 
running  from  the  excefs  of  it's  weight,  and  the 
continuation  of  the  motion  probably  arifcs  from 
the  nature  of  a  fluid  fubftance;  or  as  the  prepon- 
derating weight  in  the  longer    leg    renders  the 
preffure  of  the  air  on  that  leg  lefs  effecftual  than 
on  the  other,  the  water  neceffarily  moves  to  that 
part  where  there  is  lefs  preffure. 

The  fyphon  may  be  difguifed  fo  as  to  produce 
a  great  many  entertaining  and  apparently  for- 
prifing  effeds.  Thus  it  may  be  concealed  in  a' 
cup,  (fig.  20,  pi.  3,)  which  will  hold  the  liquor 
contained  in  it  till  it  has  attained  a  certain  height, 
when  it  will  begin  to  run  out,  and  continue  fo 
to  do  till  the  veffel  is  emptied.  Here  is  a  cup 
with  a  figure  ftanding  in  the  center ;  I  pour  water 
into  the  cup,  and  you  fee  it  remains  there :  it  has 
now  nearly  reached  the  lips  of  the  figure,  and  the 
fyphon  contained  therein  begins^  to  ad ;  the  water 
rifcs  in  the  Ihorter  leg  by  it*s  natural  preffure  as 
high  as  it's  own  level :  when  it  has  got  beyond 
the  bend  of  the  fyphon,  it  is  drawn  away  by  the 
longer  leg.  There  are  many  artful  ways  of  con- 
cealing the  fyphon,  an,d  rendering  it's  effeds  more 
ftrange  and  amufing;  fometimes  the  fyphon'  is 
concealed  in  the  handle.     This  cup  is  generally 
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called  Tantalus's  cup,  from  the  fable  of  Tantalus^ 
thus  defcribcd  by  Homer : 

There  Tantalus  along  the  Stygian  bounds. 
Pours  out  deep  groans!  (with  groans  all  hell 

abounds) 
E'en  in  the  circling  floods  refrefliment  craves. 
And  pines  with  thirft  amidft  a  fea  of  waves  j 
And  when  the  water  to  his  lips  applies. 
Back  from  his  lips  the  treacherous  water  flies* 
Above,  beneath,  around  his  haplefs  head. 
Trees  of  all  kinds  delicious  fruitage  fpread. 
There  figs,  high-dyed,  a  purple  hue  difclofe ; 
Green  looks  the  olive,  the  pomegranate  glows  : 
There  dangling  pears  exalted  fcents  unfold. 
And  yellow  apples  ripen  into  gold. 
The  fruit  he  ftrives  to  fcize,  but  blafts  arife,     . 
Tofs  it  on  high,  and  whirl  it  to  the  Ikies. 

The  fyphon  aflTords  a  very  probable  folution 
of  the  nature  of  intermitting /prings,  which  I  muft 
illuftrate  by  a  diagram.  Let  H  H  K  B,  {jig.  2, 
fl.  4,)  reprefent  a  cavity  in  the  bowels  of  a  moun- 
tain, from  the  bottom  of  which  proceeds  the 
irregular  cavity  B  D  E  T,  forming  a  fyphon.  Now, 
if  by  means  of  rain,  fprings,  or  any  other  caufe, 
this  cavity  begins  to  fill,  the  water  will  at  the 
fame  time  rife  in  the  leg  of  the  fyphon  or  cavity, 
till  it  has  attained  the  horizontal  level,  when  it 
will  begin  to  flow  out  by  means  of  the  leg  D  E  T, 
and  will  continue  to  rife  and  increafe  in  the  quan- 
tity difcharged,  as  the  water  rifes  higher,  till  at 
length  the  ^phon  will  pour  out  a  full  ftream,  and 
thus  empty  the  cavity.  The  fl:ream  will  now 
ceafe  till  the  cavity  fills  again,  when  it  will  ex- 
hibit the  fame  appearance ;  and  thefe  periodical 
returns  of  flood  and  ceflation  will  be  regular,  if 
the  filling  of  the  cavity  be  fo ;  but  the  intervals 
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of  the  return  muft  depend  on  the  dimenfions  of 
the  cavity,  and  many  other  cii'cumflances. 

Many  inftances  of  this  kind  occur  in  natufe^ 
At  Gravcfend  there  is  faid  to  be  a  pond,  out  of 
which  the  water  ebbs  all  the  time  the  tide  is  com- 
ing into  the  adjacent  river,  and  flows  during  the 
time  that  the  tide  is  going  out.     This  appearance 
probably  arifes    from   a  fubterraneous   refervoir, 
equal    in  capacity  to  the  quantity  of  water  that 
rifes  and  falls  in  the  pond  :  between  thi^  refervoir 
and  the  pond  there  may  be  a  natural  fyphon,  by 
which  they  communicate  with  each  other,  and  a<5l 
as  we  have  already  explained ;  and  a  fecond  na- 
tural fyphon  may,  in  the  fame  manner,  convey  the 
'water  away  from  the  pond,  when  it  is  filled  to  a 
Certain  height. 

At  Lambourn,  in  Worcefterlhire,  there  is  a 
brook  which  in  fummer-time  receives  a  flow  of 
water  fufficient  to  turn  a  mill,  but  in  winter  it 
runs  a  very  inconfiderable  fl:ream.  It  is  probably 
occafioned  by  a  large  fubterraneous  refervoir,  filled 
to  a  certain  height  by  the  winter  rains,  fnows,  &c. 
and  that  then  a  natural  fyphon  takes  efl^ed:,  and 
brings  away  tHe  water  in  a  fl:ream  equal  to  it's 
bore,  till  it  has  emptied  the  refervoir  as  far  as  k*s 
adion  reaches. 

This  is  illufl:rated  by  this  apparatus,  (fig.  4^ 
pi.  3.)  The  upper  box  (A)  is  filled  with  water; 
a  fmall  pipe  carries  water  from  this  box  to  th 
fpring  at  G,  where  it  will  run  off  confl:antly 
Another  fmall  pipe  (D)  carries  water  from  th 
upper  box  to  the  under  one  (B)  or  well,  fron 
which  a  fyphon  proceeds  that  joins  with  the  for 
nier  pipe :  the  bore  of  the  fyphon  is  larger  thai 
the  bore  of  the  feeding  pipe  (D) ;  as  the  wate 
fromt|j^s  pipe  rifes  in  the  well  B,  it  will  alfo  rif 
as  high  in  the  fyphon  E  e  F ;  and  when  the  fyphoi 
i«  full  to  the  top  (e)  the  water  will  run  over  th 
Vol.  I.  H    '  bcn< 
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bend  and  go  off  at  the  mouth,  and  will*  make  z 
great  ftrcam  at  the  fpring,  and  that  ftpeam  wilt 
continue  till  the  fyphon  has  carried  off  all  the 
water  from  the  well ;  the  fyphon  carrying  off  the 
water  fafter  than  the  pipe  brings  water  to  it ;  and 
then  the  fwell  will  ceafe,  and  only  the  water  from 
the  fmall  pipe  will  run  off,  till  the  pipe  fills 
the  well  again,  when  the  operation  will  fccoHi- 
ftience, 

A  ^CTf  elegant  writer.  On  tbe^  Suhlme  and 
J^eauttful,  concludes  his  account  ©f  the  paeons 
thus  :   **  The  rtiore  aoKruratefy  we  fearch  into  the 
huma^n  mind;^  the  ftronger  traces  we  every  where 
find  of  his  wi/dom  who  made  it.     If  a  ^fcourfe 
qji  the  parts  of  the  human  body  may  be  confi- 
dered  as  a  hymn  to  the  Creator,  the  ufe  of  the 
pafpom,  whichv  are  the  ©rsans  of  the  mind>  can- 
not be  barren  of  praife  to  him>  nor  unprodudbive 
to  ourfelves  of  that  noble  and  uncommon  union 
of  fcience  and  admiration,  which  a  contemplatioa 
of  the  work  of  infinite  wi^iom  alone  can  afford 
a  rational  mind,  while  referring  to  him  whatever 
we  find  of  right,  or  good,  or  fair  in  ourfelves, 
4ifcovcring  his  ftrength  and  wifdom  even  in  our 
pwrf.weakncfs  and  imperfed:ion,  honouring  them 
where  wc  difcover  them  clearly,  and  adoring  their 
profundity,  where  we  are  loft  in  our  fearch :  we 
may  thu»  be  inquifitive  without  impertinence,  and 
elevated  without  pride*     We  may  be  admitted, 
if  I  dare  fay  fo,  into  the  counfels  of  the  Almighty, 
by  a  confideration  of  his  works.     This  elevation 
of  mind  ought  to  be  the  principal  end  i^f  all  our 
lludies,  which,  if  they  do  not  in  fome  meafure 
nffcd:,  are  of  very  little  fervice  to  us." 

With  this  view  thefe  Lectures  were  written ; 
to  open  ai>d  exalt  your  minds,  by  giving  you  juft. 
\icwB  of  the  nature  of  your  lituation,  both  with 
ttfpcCl  to  this  WQrld  and  that  which  is  to  come ; 

ajid 


Digitized  byCjOOQlC 


Nature  akd  ProI>ertiss  of  AtR.        99 

4nd  that  while  I  was  cnli^tening  your  under- 
Handings,  and  difplaying  the  beauties  and  glories 
with  which  you  are  environed^  I  might  alfo  incline 
your  wills  to  the  purfuit  and  pradlice  of  goodncfs, 
render  you  friends  to  religion,  and  lead  you  to  love 
it's  principles,  adore  it's  author,  and  praftife  it's 
precepts. 

While  you  are  taking  leflbns  from  Nature,  and 
examining  the  wonderful  and  variegated  p>heno- 
mena  fhe  prefents  to  your  eyes,  fhall  we  negledk 
to  (hew  that  Ihe  continually  leads  to  the  true,  the 
heautiful,  and  the  good — ^to  the  fupreme  Being,  the 
iburca  of  all  truth,  the  fountain  of  all  good. 

Wife  and  good  men  have  always  admitted  the 
alliance  between  philofophy  and  divinity,  and 
have  pronounced  that  nature  was  but  half-ftudied, 
till  it  enabled  us  to  contemplate  the  great  objedls 
of  religion  with  fuperior  light. 

But,  as  paradoxical  writers  have  affirmed, 
that  infidelity  would  gain  ground  as  philofophy 
advanced ;  and  as  we  have  feen  Voltaire  turn  the 
little  philofophy  he  was  mafter  of  to  the  difad- 
vantage  of  religion,  and  endeavour,  from  his  mole- 
hill of  fcience,  to  difcredit  Chriftian  truth,  and 
bring  faith  and  virtue  into  contempt,  it  is  ne- 
ceffiury  to  Ihew,  that  from  true  philofophy  and  a 
right  ufe  of  reafon  our  religion  has  nothing  to 
apprehend ;  that  the  more  carefully  and  candidly 
they  are  fhidied,  the  more  confjpicuous  will  ifs 
tnith  and  beauty  appear ;  and  that  no  man  can  be 
nude  averfe  to  the  word  of  God,  by  admiring  his 
>^orks,  or  raife  obje<ftions  againft  his  truth,  from 
the  ftudy  of  his  power  and  wifdom. 

Religion  ever  had,  and  always  muft  have,  the 
charader  of  it's  author  vifibly  ftamped  upon  it ; 
^  nothing  can  be  found  therein.that  is  not  infi- 
nitely kind  and  infinitely  wife.  The  great  aim  of 
^  in  eftabliihing-  it  is,  to  advance  the  happinefs 
H  2  of 
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of  man,  and  to  advance  it  in  a  method  confonant 
to  thofe  principles  he  has  implanted  in  him. 

Let  no  one  then  perfuade  you  that  an  at- 
tention  to  the  duties  of  religion  is  a  fign  of  a  poor 
and  mean  fpirit,  and  fit  only  for  the  ignorant  and 
fuperftitious.  For  religion,  which  is  the  habitual 
exercife  of  your  bed  affedtions  towards  God,  and 
towards  man  for  his  fake,  is  the  nobleft  difpofition 
of  the  greatejl  and  the  nobleft  minds,  the  foundation 
of  all  wifdom,  the  path  to  every  thing  defirablc 
and  good.  And  thofe  who  conceive  it  receives 
any  advantage  from  ignorance,  are  neither  ac- 
quainted with  the  nature  of  religion,  the  nature 
of  God,  nor  the  principles  of  their  own  nature : 
fcr  happine/s,  which  we  are  all  in  fearch  of,  con- 
fills  in  a  certain  ftafe  or  batit,  and  in  a  certain 
affe^ion  and  difpofiiion  of  the  foul ;  and  whatever 
places  the  foul  in  this  ftate,  or  produces  this  habit; 
whatever  contributes  to  bring  it  into  this  ftate,  or 
to  maintain  it  therein  ;  whatever  difpofes  the  foul 
to  acquire  this  habit,  or  advance  it's  progrels  to- 
wards it ;  every  fuch  thing  is  to  be  ranked  in  the 
number  of  a  man*s  greateft  goods.  Now,  it  is 
felf-evident,  that  nothing  but  the  cultivation  and 
practice  of  every  religious  virtue  can  put  you 
in  poflcffion  of  this  ftate,  and  render  you  truly 
happy. 

You  will  find  no  objcdl  fo  worthy  of 'your 
utmoft  attention  as  your  Creator;  nothing  that 
will  advance  your  attainment  of  this,  glorious 
knowledge  fo  much  a^  a  ftudy  of  yourfelf  by  the 
light  Qf  revelation.  Wifdom  and  happinefs  are 
one,  to  be  truly  wife  is  to  be  really  happy:  to  be 
really  happy>  you  muft  unite  the  love  of  God  and 
man. 

*•  The  greateft  men  of  the  heathen  world,  Plato, 
Pythagoras,  Socrates,  Epid:etus,  Marcus  Antoninus, 
&c.  owed  all  their  greatnclk  to  a  fpirit  of  devotion. 

They 
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They  were  full  of  God.  Their  wifdom  and  deep 
contemplations  only  tended  to  deliver  men  from 
the  vanity  of  the  world,  the  flavery  of  bodily  paf- 
fions,  that  they  might  adl  as  fpirits  that  came  from 
God,  and  were  to  return  to  him. 

**  There  is  nothing,  therefore,  that  will  raife 
you  fo  much  above  vulgar  minds,  nothing  that  can 
render  you  truly  wije^  g^^^h  and  noble^  but 
rightly  to  know  and  worfhip  your  God  and  Sa- 
viour, who  is  the  fupport  and  life  of  ail  fpirits, 
whether  in  heaven  or  on  earth." 

Believe  not  thofe  who  defcribe  religion  as 
fcverc,  paint  her  afpedt  as  forbidding,  or  repre- 
fent  her  determinations  as  gloomy.  She  incul- 
cates no  feverity  of  manners ;  meeknefs  and  hu- 
mility are  her  fundamental  graces  :  ihe  grants  you 
without  reftraint  every  rational  pleafurc,  every 
enjoyment  that  can  be  produdive  of '  good  to 
others,  or  that  you  can  look  back  upon  with  fa- 
tisfaftion  yourfelves.  She  denies  you  only  what 
would  be  detrimental  to  fociety,  and  would  entail 
pain,  mifery,  <  or  difeafe  on  yourfelves. 

The  means  of  happinefs  are  placed  in  all 
our  hands,  but  religion  alone  can  enable  you  to 
ufe  them  properly.  She  is  to  the  mind  what  health 
is  to  the  body ;  not  only  the  firft  and  greateft  of 
all  pleafures,  but  the  only  medium  through  which 
others  can  be  enjoyed.  Her  pleafures  are  deeply 
rooted  in  the  heart,  founded  on  the  reafon  of 
things,  permanent  as  the  immortal  fpirit  where  it 
dwelleth,^nd  durable  as  the  eternal  object  whereon 
it  is  fixed.  If  you,  after  a  weary  and  diligent 
flight  in  fearch  of  happinefs,  can  find  a  furer 
ground  on  which  to  reft  the  folc  of  your  foot,  there 
let  it  1-eft.  If  you  can  find  a  better  and  firmer 
foundation  on  which  to  build  }l3ur  happinefs,  there 
let  it  be  fixed. 

113  The 
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Thedcftrudlivc  ideas  of  the  atheifts  of  France, 
who,  under  the  veil  of  philofophy,  have  long 
concealed  their  atrocious  deligns  on  the  peace  and 
happinefs  of  mankind,  render  it  more  neceflary 
to  prefs  thefe  fubjeds  on  your  minds;  for  who 
without  deteftation  can  have  feen  their  attempts, 
or  have  Ipoked  without  horror  on  their  fchemes. 
—A  very  (lender  confideration  will  proye  to 
you,  that  all  men  would  be  politically  happy, 
if  no  one  endeavoured  to  injure  another.  The 
reftraints  of  civil  fociety  aim  at  accomplifhing  this 
object,  but  vain  will  be  the  endeavours  of  govern-^ 
ment,  unlefs  each  individual  will  co-operate  to 
the  great  purpoft,  by  reftraining  his  own  malig- 
nant paffions.  No  principles  that  do  not  inculcate 
this  /elf-denial,  can  'ever  promote  ihe  happinefs 
of  man,  nor  can  any  principles  furnifh  motives  for 
the  \dC9f  oi  felf-^refirainty  but  thofe  derived  from 
religion.  Thus  may  you  obtain  other  proofs  oi 
it's  weight  and  importance.  Thus  you  may  be 
enabled  to  judge  of  the  writings  and  principles  of 
thofe  who  wifh  to  deprive  you  of  happinefs  here- 
after,  and  rule  over  you  here  under  the  pretext  oi 
liberty.  No  real  repofc  can  be  obtained  in  fociety, 
but  that  which  is  produced  by  a  religious  morality ^ 
by  which  alone  each  individual  can  contribute  to, 
and  enjoy  the  happinefs  of  others,  both  paft,  prc-^ 
fent,  wd  future. 


APPENDIX 


Digitized  byCjOOQlC 


Nature  and  PROi>ERTits  or  Air*       103 

APPENDIX  TO  LECTURE  TIL 
Or  THE  Improvements  on  the  Air-Pump.* 

1 0  no  invention  k  natural  phHofopTiy  more 
indebted  than  to  that  of  the  air-pump:  even  in 
it*s  original  imperfedt  ftate  it  was  the  occafion  of 
many  important  difcovcries ;  thefe  have  been  fince 
multiplied  ^nd  extended  to  a  decree  of  which  it's 
firft  contrivers  could  have  no  idea,  and  fciencc 
fcems  to  have  advanced,  in  proportion  as  this  in- 
ftnunent  has  been  improved* 

The  air-pumps  in  moft  ^general  ufe  are 
made  either  with  ftop-cocks  or  with  valves, 
to  prevent  the  return  of  the  air  into  the  receiver, 
out  of  which  it  had  been  exhaufted.  The  pumps 
Vfith  ftop-cocks,  when  weH  made  and  newly  put 
together,  are  generally  found  to  rarify  the  air  to  1 
greater  degree  than  thofe  which  are  made  with 
valves  ;  but  after  being  fome  time  ufed,  they  be- 
come iefs  accurate  than  the  valves-'  The  valves 
are  alfo  imperfedt ;  for  the  external  air,  prefling 
upon  that  in  the  pifton,  prevents  it's  riling  when 
the  elaftic  force  of  the  air  in  the  receiver  under 
exhauftion  is  much  diminiflied. 

This  inconvenience  was  entirely  removed  by 
a  contrivance  which  cut  off  the  communication 
between  the  infide  of  the  barrels  and  the  outfide 
air,  fome  defefts,  however  remained  ;  it  will  there- 
fore be  neceflary  to  dwell  a  little  longer  on  this 
conftrudion,  and  to  compare  it  mor^  particularly 
niih  thofe  ufually  made. 

H  4  I  have 

*  Cuthbcrtfon's  Defcription  of  an  improved  Air-Pump« 
Phiiof.  Tranf,  for  1751  and  1752,  and  1783, 
Amexican TranC  voU  i»  fiofton,  xy^s* 
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I  have  already  obferved  to  you,  that  the  valve  |^ 
at  the  bottom  of  an  air-pump  is  9pened  by  the 
fpring  of  the  air  ailing  againft  it  underneath,  when 
the  weight  of  the  air  is  removed  from  the  top.  of 
the  valve,  by  railing  the  pifton  in  the  barrel. 

In  order  to  remove  this  reliftance  fronn  the 
j:op^  the  pifton  fliould  be  made  to  .fit  exactly  to  the 
valve  plate,  when  put  down  upoh  it ;  for  if  there 
be  any  fpace  between  the  bottom  of  the  pifton  and 
y^lve,  it  will  retain  part  of  the  air ;  and  this  air 
(even  when  the  pifton  is  at  the  higheft)  will,  by 
it's  expanfion,  in  fome  meafure,  obftrudl  the  open- 
ing of  the  valve. 

When  the  ?iir  in  the  receiver,  or  underneath 
the  valve,  is  rarifie^  to  an  equal  degree  with  the 
air  contained  in  the  barrel,  (the  pifton  being 
drawn  up  to  the  higheft,)  the  valve  cannot  rife^ 
becaufe  the  refiftance  above  is  equal  to  the  power 
Jjelow. 

The  refiftance  from  this  air  contained  in  the 
barrel  againft  the  valve  at  the  bottom  will  be  uni- 
jFormly  the  fame,  while  the  pifton  is  at  the  fame 
diftance  from  it,  becaufe  the  atmofphere  is  conti- 
nually prefling  on  the  pifton  valve,  and  will  pre- 
vent the  air  below  pafling  through  it,  while  this  air 
is  rarer  than  the  atmofphere  ;  and  when  the  pifton 
i^  put  down  to  the  bottom  of  the  barrel,  it  will 
not  efcape  through  the  pifton,  but  only  be  com- 
prefled  into  the  vacancy  between  the  bottom  of 
the  pifton,  and  the  valve  plate  at  the  bottom  of 
the  barrel,  and  be  of  equal  denfity  with  the  atmo- 
fphere. 

Befides  the  refiftance  arifing  from  the  retained 
air,  you  are  alfo  to  confider  that  the  weight  of  the 
valve,  its  tenacity,  its  cohcfion  to  the  plate  occa- 
fionc{^  by  the  oil,  and  its  being  ftretched  tight  over 
rhc  hole,  al}  increale  the  obftrudion,  efpecially 
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when  the  fpring  of  the  air  under  the  valve  is  niuch 
weakened  by  rarifadtion. 

If  the  refinance  arifing  from  thefe  caufcs  be 
taken  into  the  account,  the  denfity  of  the  air  in  the 
barrel,  when  compreffed  in  the  above-mentioned 
vacancy,  will  be  as  much  greater  than  the  denfity 
of  the  atmofphere  above  the  pifton,  as  is  added 
thereto  by  this  refiftance,  for  this  obfl:rud:ion  be- 
longs to  both  valves.  And  fo  alfo  when  this  re- 
tained air  is  expanded,  fay  one  hundred  times,  by 
raifing  the  pifl:on,  the  air  in  the  receiver  cannot  t^ 
rarified  to  the  fame  degree,  becaufe  of  this  refin- 
ance of  tlje  valve  at  the  bottom  of  the  barrel. 

Thefe  difficulties  Mr.  Smeaton  endeavoured 
to  remove,  by  expofing  a  much  larger  furface  of 
the  lower  valve  to  the  air  underneath,  by  placing 
it  on  a  kind  of  grate,  which  leflened  the  cohefion, 
while  from  the  fize  more  power  could  apply  to  opeii 
the  valve. 

He,  in  a  great  meafure,  removed  the  difficulty 
arifing  from  the  air  retained  in  the  barrel,  by  mak- 
ing the  pifton  fit  more  nicely  to  the  bottom,  and 
by  taking  the  weight  of  the  atmofphere  off  the  pifton  s 
this  allowed  the  pifton  valve  to  open  more  eafily, 
fo  that  much  more  of  the  air  could  pafs  through  \t» 

The  weight  of  the  atmofphere  was  removed 
from  the  pifton,  by  clofing  the  top  of  the  barrel 
with  a  plate,  on  which  he  fixed  a  collar  of  leathers; 
through  this  the  cylindrical  part  of  the  pifton-rodi 
moves  air-tight.  And  the  air,  having  pafled  through 
the  pifton,  is  forced  out  of  the  barrel  through  a 
hole  in  the  top  plate,  over  which  is  a  valve  to 
prevent  the  return  of  air  when  the  pifton  defcends, 
which  is  made  to  fit  as  exadly  to  the  top  as  to  the 
bottom  of  the  barrel,  to  exclude  the  air  more 
cffedually. 

This  being  underftood  you  will  be  able  to  fee 
more  clearly  the  value  of  the  improvements  made 

on 
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an  the  air-pomp,  by  the  Rev.  Mr.  Prince,  of  the 
Maflachufet's  State,  who,  judging  from  attempts 
already  made,  in  ordjpr  to  leffen  the  imperfedion 
t)f  the  valves,  that  ft  he  could  take  away  the  valve* 
entirely,  the  rarifadion  might  be  carried  on  ftill 
farther;  he  conftrudted  a  pump  upon  that  plan. 
To  <ffed  this,  he  removed  the  lower  valve,  and 
opened  the  bottom  of  the  barrel  into  a  ciftern  on 
which  it  is  placed,  and  which  has  a  free  cOnunu- 
liication  with  the  receiver ;  for  the  valve  on  the 
uj)per  plate,  at  the  top  of  the  barrel,  (which  it 
confttuAed  like  Mr.  Smeaton's,)  makes  it  uhne« 
ceflary  there  Ihould  be  any  at  the  bottom  in  order 
torarify  the  air  in  the  receiver. 

The  clftem  was  made  deep  enough  to  allots 
the  pifton  to  defcend  below  the  bottom  of  the 
barrel.  If  the  pifton  be  folid,  that  is  without  t 
Valve,'  when  it  enters  the  barrel  and  rifes  to  the 
top  plate  (which  is  made  air-tight  by  a  collar  of 
leathers,)  it  forces  out  all  above  it ;  and  as  the 
air  cannot  return  into  the  barrel  on  account  bf  the 
Valve  on  the  top  plate,  when  the  pifton  dcfcends 
there  will  be  a  vacuum  between  it  and  the  plate, 
every  thing  being  fuppofed  perfe<5. 

But  in  working  the  pump,  the  pifton  only 
defcends  below  a  hole  in  the  fide  of  the  barrel, 
/lear  the  bottom,  which  opens  a  free  communica* 
lion  between  the  barrel,  ciftern,  and  receiver. 
Through  this  hole  the  air  ruihes  from  the  ciftern 
into  the  exhaufted  barrel,  when  the  pifton  has  been 
dropped  below  it ;  and,  by  it*s  next  afcent,  thii 
air  is  forced  out  as  the  other  was  before.  If  the 
capacity  of  the  receiver,  ciftern,  pipes,  &c.  below 
the  bottom  of  the  barrel,  taken  together,  be  equal 
to  the  capacity  of  the  barrel,  half  the  remaining 
air  will  be  expelled  by  every  ftroke. 

But  as  working  the  pumps  with  a  folid  pifton 
would  be  laborious,  on  account  of  the  refiftaiicc  it 

would 
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would  meet  with  in  it*s  defcentfrom  the  air  beneath^ 
(though  this  would  be  leflened  every  ftroke  as  the 
air  becomes  more  rarified,)  Mr.  Prince  pierced  a 
hole  through  the  pifton,  and  placed  a  valve  over 
it,  which  opened  with  fufficient  eafe  to  prevent 
any  labour  in  working  the  pump,  by  allowing  the 
air  to  pofs  through  the  pifton  in  it's  defcent. 

But  the  efcape  of  the  air  does  not  ncceflarily 
depend  upon  a  paffage  through  the  pifton  in  order 
to  get  into  the  barrel ;  for,  when  the  air  becomes 
fo  weak  from  its  rarifadion  that  it  cannot  opea 
this  valve,  it  will  ftill  get  into  the  barrel  when  the 
communication  therewith  is  opened  by  the  hole 
at  the  bottom.  The  pifton  will  therefore  defcend 
as  eafily  as  any  other,  while  at  the  fame  time  it's 
valve  docs  not  impede  the  rarifaftion.  Thus  the 
valves,  which  Mr.  Smeaton  only  made  to  open  with 
more  eafe,  are  rendered  unneceflary  towards  rari- 
fying  the  air,  while  that  at  the  bottom  of  the  bar-^ 
rcl  is  entirely  removed,  that  on  the  top  plate  being 
the  only  one  neceflary  for  rarifying  the  air. 

Having  thus  fet  afide  the  valve,  Mr.  Prince's 
next  attempt  was  to  expel  the  air  more  perfedlly 
out  of  the  barrel  than  by  Mr.  Smeaton*s  pump;  and 
thb  he  efFedted  by  making  a  better  vacuum  between 
the  pifton  and  the  top  plate,  to  allow  more  air  to 
expand  itfelf  into  the  barrel  from  the  receiver. 
Removing  the  preffure  of  the  atmofphere  from  the 
valve  on  the  pump-plate,  by  means  of  a  fmall  pump 
of  the  fame  conftrudion  with  the  large  one,  which 
he  denominates  the  valve-pUtap ;  and  the  air  will 
evacuate  itfelf  fo  much  the  more,  as  the  valve  of 
the  pifton  opens  with  more  eafe,  which  is  hcrc^ 
the  cafe. 

For  the  further  peculiarities  in  this  conftruc- 
tion,  I  muft  refer  you  to  the  original  paper  of  the 
author,  as  what  I  have  already  related  is  fully  fuf- 
ficient to  render  you  mafter  of  the  principles  on 
which  it  afts.  On 
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On  the /ucceffivc  degrees  in  zvhieh  the  air  is  rarijicd 
by  a  eommon  air-pump. 

AS  you  are  now  fufficicntly  acquainted  with 
the  fabric  and  contrivance  of  the  pump,  fo  as  to 
underftand  in  general  the  manner  of  its  operation, 
I  fhall  now  enter  on  fome  particulars  which  have 
jiot  been  hitherto  confidered. 

It  may  perhaps  on  a  firft  view  not  feem  im- 
probable that  an  equal  evacuation  is  made  at  each 
ftrokeof  the pump,andconrequently  that  the  receiver 
may,  after  a  certain  number  of  ftrokes,  be  perfecily 
cxhaufted  ;  for  it  muft  be  allowed,  if  an  equal 
quantity  of  air  is  taken  away  at  every  ftroke,  that 
the  receiver  will  in  time  be  perfeftly  exhaufted, 
how  fmall  foever  thofe  equal  quantities  which  are 
continually  taken  away  may  be  fuppofed  to  be. 
Thus,  if  the  air  which  goes  out  of  the  receiver  at 
each  turn  of  the  pump  be  but  the  hundredth  part  of 
what  was  at  firft  included  in  tl\e  receiver,  it  is  cer- 
tain that  a  total  evacuation  will  be  made  after  an 
hundred  turns.  That  things  are  thus,  may  at  firft 
yiew,  I  fay,  feem  not  improbable;  but  if  we  confider 
the  matter  more  nearly,  \ve  fhall  find  it  to  be  far 
otherwife. 

What  I  fhall  endeavour  to  make  out  to  you  is 
this ;  that  the  quantities  cxhaufted  at  every  ftroke 
are  not  equal,  but  are  perpetually  diminifhed,  and 
grow  lefs  always  fo  long  as  you  continue  to  work 
the  pump  :  that  no  receiver  can  ever  be  perfedlly 
and  entirely  evacuated,  how  long  time  foever  you 
employ  for  that  purpofe,  notwithftanding  that  the 
engine  be  abfolutcly  free  from  all  defeds,  and  in 
the  grcateft  perfection  which  can  be  imagined. 
It  may  appear  to  be  a  paradox,  that  a  certain  quan-^ 
tity  of  the  air  in  the  r^^ceivcr  Ihould  be  removed  at 
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'  every  turn  of  the  pump,  and  yet  that  the  whole  can 
never  be  taken  away ;  but  I  hope  I  (hall  eafily 
fatisfy  that  it  is  not  a.miftake.  Laftly,  that  I  nuy 
not  feem  too  much  to  depreciate  the  value  of  our 
engine,  I  have  this  further  to  fay  for  it,  that  thotigh 
it  be  impoflible  by  its  means  to  procure  a  perfcci 
vacuum,  yet  you  may  approach  as  near  to  it  as  you. 
pleafe.  By  a  perfedi  vacuum  here,  I  mean  in  rc- 
fpedt  of  air  only,  not  an  abjolute  vacuity  in  refpeFf 
^f  every  thing  which  is  material;  for,  not  to  mention 
what  other  Jubtile  bodies  maypojfibly  be  lodged  incur 
receivers,  it  is  matter  offa£t,  that  the  rays  of  light 
9re  not  excluded  from  thence. 

In  order  to  make  out  thcfe  aflertions,  I  Ihall 
in  the  firft  place  lay  down  this  rule-^That  the 
quantity  of  air  which  is  drawn  from  the  receiver 
at  each  ftroke  of  the  pump,  bears  the  fame  pro- 
portion to  the  quantity  of  air  in  the  receiver  im* 
mediately  before  that  ftroke,  as  the  capacity  of  the 
barrel  into  which  the  air  pafles  from  the  receiver 
does  to  the  capacity  of  the  fame  barrel  and  the 
capacity  of  the  receiver  taken  together.  You  may 
remember  that  in  each  barrel  there  are  two  valves, 
U'hereof  the  lower  is  placed  at  the  bottom  of  the 
barrel,  and  the  upper  is  fixed  upon  the  piftoa. 
Now  the  hollow  fpace  which  lies  betwixt  thefc 
valves,  when  the  pifton  is  raifcd  as  high  as  it  can 
go,  is  what  I  call  th*e  capacity  of  the  barrel ;  for 
the  other  part  of  the  cavity  of  the  barrel,  which 
is  above  the  pifton  and  the  upper  valve,  is  of 
no  ufe  in  evacuating  the  receiver,  and  there* 
fore  ought  not  here  to  be  confidered.  Upon  a 
like  account,  by  the  capacity  of  the  receiver,  I 
mean  not  only  the  fpace  immediately  contained 
under  the  receiver,  but  alfo  all  thofe  other  hollow 
fpaces  which  communicate  with  it,  as  far  as  to  the 
lower  valves :  fuch  you  may  remember  are  the  cavi* 
ty  of  the  pipe  which  conveys  the  air  to  the  barrels, 
I  and 
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and  the  cavity  in  the  upper  part  of  the  gage  abov« 
the  quickfilvcr.  Thefe  additional  fpaces  are  vcrjT 
fmall  and  inconfiderable :  yet  if  we  would  be  exafi, 
they  alfo  mull  be  taken  into  the  account  and 
looked  upon  as  parts  of  the  receiver.  Now,  to 
underftand  the  truth  of  this  rule,  we  nauft  obfervc> 

^that,  as  the  pifton  is  moved  upwards  from  the  bot- 
tom of  the  barrel,  it  would  leave  a  vcwd  fpace  be- 
hind it,  but  this  efFedt  is  prevented  by  the  rufliing 
in  of  air  from  the  receiver..  The  air,  you  know, 
by  it's  elafticity,  is  always  endeavouring  ta  expand 
itfelf  into  larger  dimcnfions,  and  it  15  by  this  en- 
deavour that  it  opens  the  lower  valve,  and  pallet 
into  the  hollow  part  of  the  barrel. as  the  piftoa 
gives  way  to  it;  and  this  it  will  cohtinue  to  do, 
till  it  comes  to  have  the  fame  denlity  in  the  barrel 
as  in  the  receiver :  for,  fliould  its  denfity  in  the 
barrel  be  lefe  than  in  the  receiver,  it's  elaftic  force, 
which  is  proportionable  to  its  denlity,  would  be 
lels  alfo,  and  therefore  it  mull  Hill  give  way  to  the 
air  in  the  receiver,  till  at  length  the  denlities  be- 
come the  fame.  The  air  then,  which  immediately 
before  this  llroke  of  the  pump  (by  which  the 
fucker  is  raifed)  was  contained  in  the  receiver 
only,  is  now  uniformly  difFufed  into  the  receiver 
ind  f  he  barrel ;  whence  it  appears  that  the  quan- 
tity of  air  in  the  barrel  is  to  the  quantity  of  air  in 
the  barrel  and  receiver  together,  as  the  capacity 

.  of  the  barrel  is  to  the  capacity  of  the  barrel  and 
receiver  together.  But  the  air  in  the  barrel  is  th^t 
which  is  excluded  from  the  receiver  by  this  ftrokc 
of  the  pump,  and  the  air  in  the  barrel  and  receiver 
together  is  what  was  in  the  receiver  immediately 
before  the  ftrokc.  Therefore  the  truth  of  the  rule 
is  very  evident,  that  the  quantity  of  air  which  is 
drawn  from  the  receiver  at  each  ftroke  of  the 
pump,  bears  the  fame  proportion  to  the  quantity  of 
air  ill  the  receiver  immediately  before  that  ftroke^ 
4  as 
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as  tke   capacity  of  the  barrel  into  which  the  air 
pafles   from  the  receiver  does  to  the  capacity  of 
the  fame  barrel  and  the  capacity  of  the  receiveiC 
taken  together.  To  illuftrate  this  further  by  an  ex- 
ample^  let  us  fuppofe  f  he  capacity  of  the  receiver  tQ 
be  twice  as  great  as  the  capacity  of  the  barrel  5 
then  will  the  capacity  of  the  barrel  be  to  the  ca- 
pacity of  the  barrel  and  receiver  together  as  one 
to  thFce>  and  the  quantity  of  air  exhaufted  at  eacli 
turn  of  the.  pump  is  to  the  quantity  ofair  which  was 
in  th|e  receiver  immediately  before  that  turn,  in  the 
lame  proportion.     So  that  by  the  firft  ftroke  of 
the  pump,  a  third  part  of  the  air  in  the  receiver  i& 
taken  away ;  by  the  fecond  ftroke,  a  third  pajrt  of 
the  remaining  air  is  taken  away;  by  the  third; 
ftroke,  a  third  part  of  the  next  remainder  is  ex- 
liauft.c4  ;  by  the  fourth,  a  third  part  of  the  next; 
aad  fo  on  continually;  the  quantity  of  air  eva- 
<;uated  at  each  ftroke  diminilhing  in  the  fame 
proportioa  with  the  quajntity  of  air  remaining  ia 
the  receiver  immediately  before  that  ftroke  :  for 
it  i^  very  evident,  that  the  third  part,  or  any  other 
4eterminate  part,  of  any  quantity,  muft  needs  be 
diminiftied  in  the  fame  proportion  with  the  whole 
quantity    itfelf.      And   this  may  fuffice  for  the 
proof  of  what  I  aflcrtcd  in  the  firft  place,  viz.  that 
xii^  quantities  exhaufted  at  every  ftroke:  are  not 
<tq;u4,  but  are  pei^pctually  diminiftied. 

I  fliall  now  proceed  to  ftiew  that  the  air  re- 
maining in  the  receiver,  after  every  ftroke,  is  '*• 
ininiflickl.  in  a  geometrical  progreffion.     It 
been  proved  that  the  air  remaining  in  tlie  recci 
afwr  eaph  ftroke  of  the  pump,  is  to  the  air  wl 
w^  in  the  receiver  immediately  before  that  ftn 
2s  thQ  capacity  of  the  receiver  is  to  the  capacit 
.    the  barrel,  and  receiver  taken  together ;  or,  in  o 
wor4s,.  that  the  quantity  of  air  in  the  receiver 
each  ftcoke.  gf  the  pump^  is  dimin^ftied  in 

propor 
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proportion  of  tke  capacity  of  the  receiver  to  the 
capacity,  of  the  barrel  and  receiver  taken  together : 
each   remainder  is   therefore  evermore  lefs   than 
the  preceding  remainder  in  the  fame  given  ratio: 
that  is  to  fay,  thefe  remainders  are  in  a  geometrical 
progreflion  continually  decreafing.     Let  us  return 
again  to  our  former  example  which  may  afford  3 
fomewhat  different  light  into  this  matter*     The 
quantity  exhaufled  at  the  firft  turn,  you  remefrtber, 
was  a  third ,  part  of  the  air  in  the   receiver,  and 
therefore  the  remainder  will  be  two-thirds  of  the 
lame  ;  and  for  the  like  reafon  the  remainder  after 
the  fccond  turn  will  be  two-thirds  of  the  foregoing" 
remainder,  and  fo  on   continually,   the  decreafe 
being  always  made  in  the  fame  proportion  of  twa 
to  three;  confequently  the  decreanng  quantities 
themfelves  are  in  a  geometrical  progreflion.     It 
was  before  proved  that  the  quantities  exhaufled  at 
every  turn  did  decreafe  in  the  fame  proportion 
with  thefe  remainders;    therefore  the  quantities 
exhaufled  at  every  turn  are  alfo  in  a  geometrical 
progreflion.     Let  it  then  be  remembered,  that  the 
evacuations  and  the  remainders  do  both  of  them 
decreafe  in  the  fame  geometrical  progreflion.     If 
the  remainders  do  decreafe  in  a  geometrical  pro- 
greflion, it  is  certain  you  may,  by  continuing  the 
agitations  of  the  pump,  render  them  as  fmall  as 
you  pleafe  ;  that  is  to  fay,  you  may  approach  as 
near  as  you  pleafe  to  a  perfed:  vacuum.     But  not- 
withrtanding  this,  you  can  never  entirely  take  away 
the  remainder.   If  it  be  faid  that  you  may,  I  prove 
the   contrary  thus — Before  the  lafl   turn  of  the 
pump,  which  is  faid  wholly  to  take  away  the  re- 
mainder, it   mufl  be  confefTed  there  was  a  re- 
mainder; this  remainder,  by  that  lafl  turn  of  the 
pump,  will  only  be  diminifhed  in  a  certain  pro- 
portion, as  has  been  before  proved  ;  therefore  it 
was  falfely  faid  to  be  totally  tajcen  away. 

There 
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There  arc  three  kinds  of  gages  ufed  with  the 
air-pump'  to  4neafure  the  degrees  of  exhauftion; 
the  firft,  called  the  long  barometer  gage ;  the  fe- 
cond,  the  Jhort  barometer  gage ;  the  third,  the 
pear  gage,  or  manometer.  The  two  firft  Ihew 
the  elafticity  of  the  fluid  in  the  receiver,  but  do  not 
determine  whether  it  be  permanently  elaftic  air ; 
the  third  fliews  the  denfity  of  the  air  left  in  the 
receiver,  without  regarding  fuch  vapours  as  may 
afliimc  an  elaftic  form  in  the  vacuum,/^.  11,/)/.  i. 
The  Ihort  gage  is  often  made  in  the  form  of  an 
inverted  fyphon,  with  one  leg  open,  and  the  other 
hermetically  fealed  ;  this  is  lometimes  called  MaU 
ratCs gage,  fig.  12,  pi.  I. 

It  may  not  be  improper  in  this  place  to  fay 
fomething  concerning  the  gradual  afcent  of  the 
quickfilver  in  the  long  barometer  gage,  upon 
^hich  we  have  made  fome  experiments.  You  have 
obferved,  that  as  we  continue  to  pump,  the  quick- 
filver continues  to  afcend,  approaching  always  more 
and  more  to  the  ftandard  altitude  in  the  weather- 
glafs,  which  you  know  is  about  twenty-nine  and  a 
half  inches,  being  a  little  under  or  over  according 
to  the  variety  of  feafons.  What  I  ftiall  now  en- 
deavour to  make  out  to  you  is  this :  that  the  defedl 
of  the  height  of  the  quickfilver  in  the  gage  from 
the  ftandard  altitude,  is  always  proportionable  to 
the  quantity  of  air  which  remains  in  the  receiver: 
that  the  altitude  itfelf  of  the  quickfilver  in  the 
gage  is  proportionable  to  the  quantity  of  air 
which  has  been  exhaufted  from  the  receiver  ;  that 
the  afcent  of  the  quickfilver,  upon  every  turn  of 
the  pump,  is  proportionable  to  the  quantity  eva- 
cuated by  each  turn. 

In  order  to  underftand  thefe  aflertions,  you 
^c  to  confider  that   the  whole  preflure  of  the  at- 
i^fphere  upon  the  ciftern  of  the  gage  is  equiva- 
lent to,  and  may  be  balanced  by,  a  column  of  quick- 
VouL  I      '  filver 
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lilver  ofthe  ftandard  altitude.    Therefore,  when  m 
the  gage,  the  quickfilver    has  not  yet  arrived  to 
the  ftandard  altitude,  it  is  certain  the  defect  of 
quickfilver  is  fupplied  by  fome  other  equal  force, 
and  that  force  is  the  elaftic  power  of  the  air  yet 
remaining  in  the  receiver,  which,  communicating 
(as  you  remember)  with  the  upper  part  of  tk 
gage,  hinders  the  quickfilver  from  afcending,  as 
it  would  otherwife  do,  to  the  ftandard  altitude. 
The  elaftic ity  of  the  air  in  the  receiver  is  then 
equivalent  to  the  weight  of  the  deficient  quick- 
filver :  but  the  weight  of  that  deficient  quickfilver 
is  proportionable  to  the  fpace  it  ftiould  poflTefs,  or 
to  the  defeat  of  the  height  of  the   quickfilver  in 
the  gage  from  the  ftandard  height :  therefore  the 
elafticity  ofthe  remaining  air  is  alfo  proportiona- 
ble to  the  fame  defed*.     And  fince  it  was  formerly 
proved,  that  the  denfity  of  any  portion  of  air  is 
always   proportionable  to  its   elafticity,   and  the 
quantity  in  this  cafe  is  proportionable  to  the  den- 
fity, it  follows,  that  the  quantity  of  air  remaining 
in  the  receiver  is  proportionable  to  the  dcfed  of 
the  quickfilver  in  the  gage  from  it's  ftandard  al- 
titude, which  was  the  firft  thing  to  be  proved, 
Hence  it  follows,  that  the  quantity  of  air  which 
w^as  at  firft  in  the  receiver  before  you  began  to 
pump,  is  proportionable  to  the  whole  ftandard  al- 
titude, and  confequently  the  difference  of  this  air 
which  was  at  firft  in  the  receiver,  and  that  which 
remains  after  any  certain  number  of  turns,  that  is, 
the  quantity  of  air  exhaufted,  is  proportionable  to 
the  difference  of  the  ftandard  altitude,  and  the 
before-mentioned  defed,  that  is,  to  the  altitude  of 
the  quickfilver  in  the  gage  after  that  number  of 
turns  ;  which  was  the  fccond  thing  to  be  proved. 
And  from  hence  it  follows,   that  the  quantity  of 
air  exhtiuftcd  at  every  turn  of  the  pump,  is  pro*- 
portionable  to  the  afccnt  of  the  quickfilver  upon 

each 
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each  turn,  which  was  the  lafl:  thing  to  be  madfe 
out.     And   thefe  concUifions  do  very  well  agree 
with  the  experiments,  which  Ihewed  us  the  quan- 
tity of  air  that  was  exhaufted  by  the  quantity  of 
water  which  afterwards  fupplied  the  vacant  place 
of  that  air  in  our  receiver.   Let  it  then  be  remem- 
bered, that  the  quantity  exhaufted  at  each  turn  is 
proportionable   to  the  afcent   of  the  quickfilver 
upon  that  turn  ;  that  the  whole  quantity  exhaufted, 
from  the  time  you  began  to  pump,  is  proportiona- 
ble to  the  whole  altitude  of  the  quickfilver ;  that 
the  quantity  remaining  in  the  receiver  is. propor- 
tionable to  the  defed:  of  that  altitude  from  the 
ftandard.     To  come  now  to  the  application  of  the 
other  experiments  which  we  made  this  day:  wc 
found,  you  remember,  that  the  feveral  afcents  of 
the  quickfilver  in  the  gage,  upon  every  turn  of 
the  pump,  were  diminiftied  in  a  geometrical  pro* 
greflion  ;  and  it  has  juft  now  been  proved,  that  the 
quantities  of  air  exhaufted  at  each  turn,  are  pro- 
portionable to  thofe  afcents.     Therefore,  we  may 
iafely  conclude,  from  experiment  alfo,    what  we 
before  collected  by  a  train  of  reafoning ;  that  the 
quantities  of  air  exhaufted  at  every  turn  of  the 
pump  are  diminiftied  continually  in  a  geometrical 
progreflion.     Furthermore,  fince  thofe  afcents  ar6 
the  differences  of  the  defeats  from  the  ftandard 
altitude,  upon  every  fucceftivc  turn  of  the  pump ; 
it  follows,  that  the  defcds  alfo  are  in  the  fame  de^ 
creating  geometrical  progreflion.  For  it  is  a  general 
theorem,  that  all  quantities,  whbfc  differences  are 
in  a  geometrical  progrcffion,  (fo  long  as  the  quan- 
tities continue  to  have  any  magnitude,)  are  thcm- 
feh'cs  alfo  in   the  fame  geometrical   progreflion. 
The  defeats  being  then  in  adecreafing  geometrical 
progreflion,  and  the  quantities  of  air  remaining  in 
the  receiver  being  proportionable,  (as  was  lately 
proved)  to  the  defedb  ;  it  follows  from  the  fame 
J  z  cxperinien|:s, 
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experiments,  that  the. quantities  of  air  which  re- 
main in  the  receiver  after  every  turn  of  the  pump, 
do  decreafe  in  a  geometrical  progreflion ;  which 
was  the  other  thing  concluded  alio  by  a  train  of 
reafoning. 

The  (hort  gage,  |/^.  2.  />/.  2.)  confifts  of  a 
tube  fix  or  8  inches  long,  filled  with  mercury,  and 
inverted  in  a  fmall  bafon  thereof,  in  the  fame  man- 
ner as  the  common  barometer ;  in  this  the  mer- 
cury does  not  begin  to  defcend  till  about  three- 
fourths  of  the  air  is  exhaufted,  after  which  it  be- 
gins to  Ihew  the  degree  of  exhauftion,  which  is  in 
proportion  as  the  height  of  its  column  to  the  height 
of  the  mercury  in  the  common  barometer. 

The  pear-gage,  (fig.  11.  pi.  1.)  would  be  the 
moft  accurate  of  any,  if  it  were  not  that  moft  fluid 
fubftances,  as  has  been  fully  proved  by  Mr.  Nairne, 
aflume  an  elaftic  form  ;  when  the  preflTure  of  the 
atmofphere  is  removed,  it  therefore  feldom  indi- 
cates the  elafticity  or  adual  preffure  of  the  fluid 
^renjaining  in  the  receiver. 

By  this  gage,  Mr.  Nairne  difcovered  that 
feveral  fubftances,  when  placed  under  a  receiver, 
will,  during  the  time  of  exhauftion,  emit  a  kind 
of  vapour  or  damp,  which,  by  it's  expanlion,  will 
drive  and  force  out  moft  of  the  permanent  air ; 
iDut  that  when  the  preflTure  of  the  air  is  reftored, 
this  vapour  lofes  it's  expanfibility,  and  is  condenfed 
into  it's  former  ftate. 

Hence  this  gage  will  fometimes  indicate 
that  all  the  permanent  air  is  exhaufted  out  of  the 
receiver  except  about  rv^hns  part,  when  other 
gages  do  not  ftiew  a  degree  of  exhauftion  of  more 
than  200  times,  fometimes  much  lefs. 

The  pear-gage,  (fig.  11.  pi.  i,)  confifts  of  a 
bulb  ofglafs,  fomcthing  in  the  fliape  of  a  pear, 
and  fuflficient  to  hold  about  half  a  pound  of  quick- 
filver  ;  it  is  open  at  one  end,  and  at  the  other  is  a 

tubc^ 
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tube,  herrrtetically  clofed  at  the  top,.  By  the  help 
of  a  nice  pair  of  fcales  you  find  what  proportion 
of  weight  a  column  of  quickfilver,  of  a  certain 
length,  contained  in  the  tube,  bears  to  that  which 
filled  the  whole  veflel :  by  thefe  means  you  will' be 
enabled  to  mark  divifions  upon  the  tube  anfwcring 
to  a  loooth  part  of  the  whole  capacity;  which^ 
being  about  one-tenth  of  an  inch  each,  may^  by 
eftimation,  be  eafily  fubdivided  into  fmaller  parts*. 
This  gage,  during  the  exhaufting  of  the  receiver, 
is  fufpended  therein  by  a  flip  wire.  When  the 
pump  is  worked  as  much  as  ftiall  be  thought  ne-^ 
ceflary,  the  gage  is  puftied  down  till  the  open  end 
is  inimerged  in  a  cittern  of  quickfilver  placed  un- 
derneath ;  the  air  being  then  let  in,  the  quickfilver 
will  be  driven  into  the  gage  till  the  air  remaining 
in  it  becomes  of  the  fame  denfity  with  the  exter- 
nal ;  and  as  the  air  always  takes  the  higheft  place, 
the  tube  being  uppermofl:,  the  expanfion  will  be 
determined  by  the  number  of  divifions  occupied 
by  the  air  at  the  top. 

Mr.  Nairne  put  the  fhort  barometers-gage,  and 
the  pear-gage,  with  a  glafs  cup  having  a  wooden 
foot,  both  together  under  the  receiver^  which  re- 
ceiver was  placed  on  a  leather  foaked  in  oil  and 
tallow,  on  the  plate  of  the  pump ;  the  pump  was 
then  worked  for  ten  minutes,  and  the  quickfilver* 
Was  brought  down  in  the  Ihort  barometer-gage  to 
about  one-tenth  of  an  inch  of  the  furface  of  the 
quickfilver  in  the  cifl:ern,  and  rofe  in  'the  long 
barometer-gage  to  within  one-tenth  of  an  inch  of 
the  height  of  the  quickfilver  in  a  fl:andard  ba- 
rometer, which  was  at  that  time  at  thirty  inches ; 
by  which  it  appeared,  that  the  preflure  on  the  fur- 
face  of , the  quickfilver  in  the  cifl:ern,  and  in  the 
^be  of  the  long  barometer-gage,  was  diminiihed 
to  about  a  500th  part :  the  pear-gage  being  how 
puflicd  down  till  it's  open  end  was  immerfed  un- 
I  3  der 
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<Jer  the  furface  of  the  quickfilver  in  the  cup,  the 
^ir  was  then  let  in,  and  the  pump  appeared  by  that 
gage  to  have  exhaufted  all  but  a  6,oooth  part  of  the 
air ;  or,  in  other  words,  the  degree  of  exhauftion 
by  this  gage  appeared  to  be  fix  thoufand  times. 

Mr,  Nairne  made  many  other  experiments,  all 
rnanifefting  a  confiderable  difagreement  between 
the  pear  and  other  gages.  Thcfe  differences  Mr. 
Cavendifti  accounted  for  in  the  following  manner: 
*'  It  appeared,*'  he  faid,  "  from  fome  experiments, 
"  that  watcrj^  whenever  the  preflure  of  the  at- 
'*  mofphere  on  it  is  diminifhcd  to  a  certain  degree, 
•*  is  immediately  turned  into  vapour,  and  is  as 
*'  immediately  turned  back  again  into  water  on 
'*  reftoring  the  prelTure.  This  degree  of  preflure 
^'  is  different  according  to  the  heat  of  the  water: 
*'  when  the  heat  is  72**  of  Fahrenheit's  fcale,  it 
*'  turns  into  vappur  as  foon  as  the  preflTure  is  no 
'*  greater  than  that  of  three  quarters  of  an  inch 
^'  of  quickfilver,  or  about  one-fortieth  of  the 
**  ufixal  preflure  of  the  atmofphere;  but  when  the 
•'  heat  is  only  41  ^,  the  preflTure  mufl:  be  reduced 
**  to  that  of  a  quarter  of  an  inch  of  quickfilver, 
'*  before  the  water  turns  into  vapour.  It  is  true, 
•*  that  water  expofed  to  the  open  air  will  evaporate 
'*  at  any  heat,  and  with  any  preflure  of  the  at- 
?^  mofphere;,  but  that  evaporation  is  entirely 
V  owing  to  the  adion  of  the  air  upon  it :  whereas 
*'  the  evaporation  here  fpoken  of,  is  performed 
'*  without  any  afliftance  from  the  air.  Hence  in 
^'  follows,  that  when  the  receiver  is  exhaufl:ed  to 
**  the  above-mentioned  degree,  the  moifture  ad- 
•'  hering  to  the  different  parts  of  the  machine 
•'  will  turn  into  vapour  and  fupply  the  place  of 
^'  the  air,  which  is  continually  drawn  away  by  the 
•'  working  of  the  pump,  fo  that  the  fluid  in  the 
*'  pear-gage,  as  well  as  that  in  the  reiki ver,.  will 
•^  corifiit  in  good  raeafurc  of  vapour.    J>Jow  let- 
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*  ting  the  air  into  the  receiver,  all  the  vapour 
•*  within  the  pear-gage  will  be  reduced  to  water, 
^  and  only  the  real  air  will  remain  uftcondenfed  9 
•*  confequently  the  pear-gage  Ihcws  only  how 
"  much  real  air  is  left  in  the  receiver,  and  not  how 
•*  much  the  preffure  or  fpring  .of  the  .included 
•*  fluid  is  diminifhed ;  whereis  the  common  gages 
•*  fhew  how  much  the  preflure  of  the  included 
"  fkiid  is  diminifhed,  and  that  equally^  whether  it 
**  conlift  of  air  or  of  vapour." 

Mr.  Cavendilh  having  explained  fo  fatisfac- 
torily  the  caufe  of  the  difagreement  between  the 
two   gages,    it   appeared   that   if    moifture   were 
avoided  as  much  as  p6fllble,  the  two  gages  would 
nearly  agree,  which  was  proved  by  a  variety  of  ex- 
periments, from  which  the  following  arc  fele<fted : 
The  plate  of  the  pump  being  made  as  clean 
and  as  dry  as  poflible,  there  was  then  put  on  it  the 
before-mentioned  ftiort  barometer-gage,  alfo  the 
pear-gage,  with  a  ciftern  entirely  of  glafs,  which 
held  the  quickfilver ;  they  Were  then  covered  with 
a  receiver,  round  the  outfide  of  which  was  laid  a 
cement,  which  perfedlly  excluded  the  outward  air  1 
every  part  before  it  was  put  under  the  receiver^ 
as  well  as  the  receiver  itfelf,  being  made  as  clean 
and  as  free  from  moifture  as  poflible**     The  pump 
was  then  worked  for  ten  minutes^  and  the  baro- 
meter-gages   indicated    a   degree    of    exhauftion 
nearly  600 :  the  air  was  then  let  into  the  receiver, 
the  pear-gage  indicated  a  degree  of  exhauftion,  but* 
very  little  more  than  600  alfo.     The  near  agrees 
ment  of  the  pear-gage  with  the  barometer-gages, 

1 4  in 

♦  It  may  be  proper  here  to  take  notice^  »hat  the  pump  in 
tvcry  einpQriinent  her9after-nienti9ned  was  worked  ten  minutes, 
and  the  lame  receiver  continued  cemented  to  the  pump-plate, 
exccjpt  where  it  is  otherwife  mentioned.  The  top  pait  ot  this 
leccnrer  was^made  to«cpen|  in  oider  to  put  in  diHercAt  (hing^. 


Digitized  byCjOOQlC 


^ 


J 


120    Lectures  on  Natural  Philosophy 


in  this  laft  experiment,  in  which  moifture  \raf 
excluded  as  much  as  poflible,  feemed  to  prove 
beyond  a  doubt,  that  their  dif^^reeing  muft  have 
been  owing  (as  Mr.  Cavendifh  fuppofed)  to  the 
moifture  which  in  them  had  not  been  fo  carefully 
excluded.  But,  as  there  might  arife  a  vapou'r  from 
fome  moifture  that  might  be  contained  in  the 
leather  foaked  in  oil  and  tallow,  or  in  the  wooden 
foot  which  was  cemented  to  the  glafs  cup,  the  fol- 
lowing experiments  were  tried ;' 

A  piece  of  leather  droffcd  in  allum,  known 
by. the  name  of  white  ftieep-lkin,  of  about  four 
inches  diameter,  which  had  been  foaked  in  oil 
and  tallow  about  a  year  ago  (fuch  as  was  ufed  to 
place  the  receiver  on  in  the  firft  and  fecond  expe- 
riments) was  put  into  the  receiver;  the  pump 
was  then  worked,  and  the  barometer-gage  indi- 
cated a  degree  of  exhauftion  of  nearly  300 ;  but 
on  the  admiflion  of  the  air  the  pear-gage  indicated 
a  degree  of  exhauftion  of  4,000. 

The  piece  of  leather  being  taken  out,  the 
pump  was  then  worked^  and  the  degree  of  ex- 
hauftion appeared  by  both  the  barometer  and  j>ear- 
gages  to  be  about  600,  as  in  the  third  experiment* 

A  cylinder^  made  of  a  piece  of  box  wood, 
which  had  been  kept  for  more  than  a  year,  one 
inch  in  diameter,  and  three  inches  in  length,  wa^ 
put  into  the  receiver  (this  piece  of  wood  was  of 
the  fame  kind  as  that  which  was  cemented  to  the 
foot  of  the  glafs  cup  ufed  in  the  firft  and  fecond 
experiments,)  the  pump  M-as  then  worked,  and  the 
degree  of  exhauftion  appeared  by  the  barometer- 
gage  to  be  300,  but  by  the  pear-gage  16,000. 

Thefc  experiments  were  often  repeated,  but 
the  refult  was  feldom  the  fame^  When  Icathef 
foaked  in  oil  and  tallow  has  been  put  into  the  re- 
ceiver, the  pear-gage  has  fometimes  indicated  a 
degree  of  exhauftion  of  ao,ooo,  and  fometimes 
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no  more  than  500 ;  it  likewifc  differs  very  much 
u  ith  the  box-wood,  which  may  perhaps  be  owing 
to  different  degrees  of  heat  and  moifture. 

From  thefe  experiments,  it  is  evident  that 
there   arifes   an   elaftic  vapour  from  the  leather 
drcfled  in  allum  and  foaked  in  oil  and  tallow,  and 
alfo  from  the  piece  of  box-wood,  when  the  weight 
of  the  atmofphere  has   been  partly  taken  off  by 
the  acftion  of  the  pump ;  and  that  this  vapour 
prcflcs  upon  the  furface  of  the  quickfilver  in  the 
tube  of  the  long  barometer-gage,  and  of  that  in 
the  ciftern  of  the  Ihort  one;  and  that,  confequently, 
the    teftimony  of  both  thefe  gages  muft  be  in- 
fluenced by  this  vapour,  as  well  as  by  the  fmall 
remainder  of  common  air :  but  as  it  is  the  nature 
of  the  pear-gage  not  to  give  it's  teftimony  till  the 
■   remaining  air  contained  in  it  is  preffed>  fo  as  to 
become  of  the  fame  dcnfityof  the  atmofphere ; 
and  as  this  vapour  cannot  fubfift  in  the  form  of 
vapour  under  that  preflure,  this  gage  is  not  at  all 
influenced  by  it,  but  indicates  the  remaining  quan- 
tity of  permanent  air  only. 

Precaution  for  accurate  exhauflion. 

From  the  foregoing  experiments,  it  is  evident 
that  when  accurate  experiments  are  required,  the 
receiver  muft  not  be  placed  upon  leather,  either 
oiled  or  foaked  in  water ;  but  that  the  plate  of  the 
p\itnp  ftiould  be  made  as  dry  as  poflible,  the  infide 
of  the  receiver  ftiould  be  dried  and  rubbed  with 
a  warm  cloth :  the  receiver  may  then  be  fet  upon 
the  plate,  and  hog's  lard,  either  alone  or  mixed 
with  oil,  be  fmeared  round  it's  outfide  edge.  With 
thefe  precautions,  the  pump  will  ftiew  it's  greateft 
power  of  exhauftion,  and  what  remains  in  the  re- 
ceiver, which  the  pump  would  not  exhauft,  will 
be  permanent  air. 

I  Particular 
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Particular  care  flioiild  be  taken,  after  making 
any  experimentSj^  where  vapour  has  been  generated, 
to  clear  the  pump  of  it,  before  any  other  expe- 
riments are  attempted ;  for  this  fluid  or  vapour  re- 
mains not  only  in  the  receiver,  but  alfo  in  the 
tubes  and  barrels  of  the  pump,  and  will,  when  the 
air  is  again  rarified,  expand  as  before. 

To  clear  the  pump  of  this  vapour,  take  a 
large  receiver,  and,  wiping  it  as  before  direded, 
cxhauft  it  as  far  as  poffibie.  The  expanlible  va- 
pour which  remained  in  the  barrels  and  the  pipes 
will  now  be  difFufed  through  the  receiver,  and 
confequently  will  be  as  much  rarer  than  it  was 
before,  as  the  aggregate  capacity  of  the  receiver 
is  larger  than  that  of  the  pump  and  pipes.  If  the 
receiver  be  large,  one  exhauftion  will  be  fufficient 
to  clear  the  pump  fo  far,  that  what  remains  can 
be  of  no  confequencfe.  If  the  receiver  be  fmall, 
the  operation  fhould  be  repeated  two  or  three 
times. 

It  may  be  proper  to  obferve  here,  that  xor  the 
beft  pumps,  the  plate  and  the  edges  of  the  re- 
ceivers are  ground  fo  true,  as  not  to  require  any 
leathers ;  but  as  Getting  the  receivers  dry  upon  the 
plate  is  apt  to  fcratch  and  fpoil  it,  you  will  find 
it  always  ufeful  to  fpread  a  little  hog's  lard  or  tal- 
low upon  their  edges.  This  prevents  the  edges 
of  the  receivers  from  damaging  the  plate^  and 
does  not  emit  any  vapour. 
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LECTURE    IV, 

On  the  Nature  and  Properties  of  Air. 

IN  writing  thefc  LeAurcs,  I  have  had  four  points 
in  view.  i.  To  fupport  and  fhew  that  there 
is  a  ftridt  alliance  between  natural,  moral,  and  fa- 
cred  philofophy.  To  ufc  the  words  of  a  man  of 
the  firft  abilities,  **  The  great  Author  of  all  things, 
viewed  in  every  poflible  relation  to  man,  (hould 
ever  be  the  objed:  to  which  all  our  ftudies  and 
inquiries  converge,  as  the  center  of  all  truth,  and 
the  fourcc  of  all  being  and  perfection.  Whatever 
has  not  an  unvaried  regard  to  him,  deviates  from 
it's  true  line  and  direction,  and  muft  lead  to  error 
and  mental  depravation  i**  whereas  a  proper  view 
©f  philofophy  will  fhew  you,  '*  That  whatever  is 
permanent  in  outward  nature — whatever  is  immu-^ 
tably  true  in  morals  or  in  politicks,  oweth  it's  per- 
manency and  truth  to  the  eternity  and  immuta- 
bility of  the  divine  caufe  of  all  things — the  Creator 
of  outward  nature — the  Father  of  all  moral  beings — 
the  Author  of  all  good  government.  That  what- 
ever is  demonjlrable  in  any  of  thcfciences — what- 
ever is  certain  in  any  of  the  arts  dependent  on 
thofe  fciences,  derives  it's  clearnefs  in  theory,  and 
it's  certainty  in  practice,  from  the  felf-cvident  prin- 
ciples of  mind,  whofe  fountain  is  the  Divine 
cffence." 

Natural  philofophy,  in  it's  proper  extent,  fober 
ufe,  and  application,  is  a  noble  fcience  ;  but  to 
confine  it  to  nature,  matter,  motion,  and  mecha- 
nifm,  excluding  morality  and  theology,  is  to  con- 
traft,  to  degrade,  and  debafe  it  below  the  meaneft 
occupation  of  life. 

2.  To 
*  fierrington's  Immaterialirm  delineated* 
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2.  To  render  this  work  a  kind  of  natural 
and  pradical  logic,  ^that  (hall  enable  you  to  dif- 
tinguilh  what  is  found  and  folid,  from  what  is 
hollow  and  vain.  To  prevent  an  undue  attach- 
ment to  any  fyftem,  and  to  counteraft  the  influence 
of  names  and  authority,  in  a  fcience  where  free 
difquifition  fhould  be  allowed  in  it's  full  extent, 
ancl  where  candour  and  ferenity  fhould  always  pre- 
vail. 

Sorry  I  am  to  fay,  that  philofophy  is  ftill  too 
much  governed  by  an  intolerant  fpirit  which  ob- 
ftruds  the  advancement  of  fcience,  and  obliges  it 
to  run  in  one  narrow  channel.  And  fuch  is  the 
zeal  of  it's  profcflbrs^  that  they  can  feldom  bear 
to  have  thofe  principles  canvaffed  which  they  have 
adopted.  Thus  proving,  that  they  are  void  of 
that  fpirit  of  inquiry  and  liberality,  which,  by 
exciting  the  mind  to  trace  up  efFeds  to  their  caufes, 
becomes  the  parent  of  difcovery. 

Happy  fliall  I  efteem  myfelf  if  thefe  remarks 
Ihould  lead  you  to  a  purer  love  of  truth ;  and  that, 
inftead  of  inquiring  who  it  is  that  writes,  you 
would  attend  only  to  what  is  written,  and  learn  to 
avoid  the  ftrife  of  formal  difputation ;  or,  as  Bacon 
terms  it,  *^The  giddy  agitation  and  whirlwind  of 
argument,  in  which  vidory  is  more  contended  for 
than  truth." 

3.  To  point  out  to  you  the  boundaries  of 
human  reafon,  and  by  (hewing  you  how  fmall  a 
way  we  penetrate  into  the  nature  of  things,  induce 
you  to  obferve  carefully  and  judge  cautioufly ;  en- 
gage you  to  profecute  your  refearches  into  nature, 
with  a  juft  convidbion  of  the  fallacy  of  your 
fenfes,  and  the  limited  powers  of  your  under- 
ftanding  ;  to  difcourage  the  vain  defire  of  ac- 
counting for  all  phenomena.  Many  phenomena 
in  nature  are  unaccountable,  and  we  muft  fome- 
times  be  humble  enough  to  adn^ure  what  we  can- 
not 
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not  underftand  ;  as  we  furvey  the  ocean  with  plcz^ 
fure,  though  we  cai\not  fee  the  bottom  of  it. 

Confcious,  therefore,  of  the  fallibility  which 
attends  the  beft  exertions  of  human  rcafofl  j  fen- 
fible  of  the  darknefs  under  which  the  author  of  alj 
knowledge  hath  left  fome  of  it*s  moft  intcrcfting 
and  important  parts  ;  and  convinced  that,  as  the 
fearch  after  truth  is  J^our  duty,  and  will  conftitutc 
a  great  portion  of  your  happinefs,  you  will  al- 
ways enter  upon  the  talk  with  humility,  with 
diligence,  with  defire,  and  all  the  beft  affe<5Honi 
of  the  heart  and  underftanding ;  with  hope,  and 
indeed  with  /ear.  For  Error  is  open  with  a 
thoufand  ways  (whereas  Truth  has  only  one},  and 
as  an  enemy  in  ambufh,  is  prepared  on  all  occafions 
to  turn  you  afide  from  the  direct  andfuccefsful  road.* 
You  may  be  alTured,  that  a  philofophy  which 
jnakes  human  reafon  the  meafure  of  all  things, 
inftead  of  being  founded  on  enlarged  and  fuperior 
knowledge,  ftands  on  the  narrow  bottom  of  igno- 
rance, and  a^  it  rifes  in  vanity,  will  increafe  in  ab^r 
iurdity. 

4.  To  exhibit  in  a  natural  and  eafy  manner  (as 
we  have  already  informed  you)  the  principal  and  the 
moft  important  of  natural  phenomena,  to  account 
for  their  caufe,anc}  to  illuftrate  both  by  experiments. 
It  is  to  be  hoped,  that  fron>  the  manner  of 
treating  thefe  fubjedb,  your  judgnient  will  receive 
an  acceflion  of  ftrength  and  acutenefs,  which  it 
may  fuccefsfully  employ  upon  other  objc<fts  and 
upon  other  occafions. 

Of  Observation  and  Experiment, 

.  As  in  a  former  ledture  I  (hewed  you  the  dan- 
ger and  impropriety  of  indulging  conjedture  and 

#  framing 

♦  T^tham's  Chart  and  Sca^c  of  Tnith,  p.  16. 
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framing  hypothefes,  I  fhall  now  on  the  other  fidf, 
in  purfuance  of  my  defign,  commence  this  ledurc 
with  fomc  remarks  on  the  qualitiies  that  diftinguifh 
an  obferver  of  nature  from  a  mere  experiment 
talift,  and  point  out  the  difadvantages  that  may 
accompany  both  obfervation  and  experiment,  if 
cither  be  too  rigidly  adhered  to,  or  ufed  indepen- 
dent of  the  other.  Neither  'obfervation  nor  ex- 
periment are  however  to  be  neglected ;  they  arc 
two  fiftei^  which  have  a  reciprocal  neceffity  for 
each  other's  afliftance. 

The  perfon  who  is  beft  adapted  by  nature 
for  making  philofophical  experiments,  is  gene- 
rally the  lead  fitted .  for  drawing  conclufions  from 
them.  •  There  is  a  miiiutenefs,  an  exadlnefs  re- 
quired in  an  experimenfer,  which  fhould  not  enter 
too  much  in  his  compofition,  who  coUeds  and 
applies  the  refults  ariling  from  experimental  in- 
quiries. 

The  cxperimentalift  is  always  difcovering 
little  differences,  contriving  methods  to  examine 
objedls  in  ten  thoufand  various  ways,  and  to  dif- 
tinguifli  one  thing  from  another  by  ^11  pofliblc 
minutiae. 

But  the  perfon  who  applies  thefe  experiments 
to  the  fupporting  or  explaining  any  phenomena  in 
nature,  Ihould  be  one  who  fees  many  things  in  one 
view,  and  comprehends  the  refult  of  many  efFe<5ls 
Ipringing  from  the  fame  caufe,  and  who  overlooks 
the  trifling  differences  from  the  accidents  of  time 
and  place. 

The  experiment aliji  beholds  all  nature  as  par- 
ticles of  duft  dijunited  from,  and  uninJlHenced  by 
one  another ;  each  a  world  of  it's  own,  with  pro- 
perties and  qualities  peculiar,  to  itfclf. 

The  obferver  fees  all  nature  as  united^  as 
aduatcd  and  mbving   upon  one   common  prin- 

ciple^ 
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ciple,  and  all  the  parts  as  confpiring  to  form  one 
whole. 

They  are  thus  excellently  difcriminated  by  Lord 
Bacon:  ''The  great  and  radical  difference  of  capa- 
cities, as  to  philofophy  and  the  fciences,  lies  here  5 
that  fome  are  ftronger  and  fitter  to  obferve  the 
differences  of  things;  others  their  correfponden- 
cics:  for  a  fteady  and  Iharp  genius  can  fix  it's 
contemplations,  and  dwell  and  faften  upon  all  the 
fubtilty  of  differences,  whilft  a  fublime  and  ready 
genius  perceives  and  compares  the  fmalleft  and 
moft  general  agreements  of  things ;  but  both  kinds 
cafily  fall  into  excefs,  by  grafping  either  at  the 
dividing  fcale,  or  ftiadows  of  things.  The  former 
is  fo  taken  up  with  the  particles  of  things,  as  aU 
moft  to  negledl  their  ftrudure,  whilft  the  other 
views  their  fabrication  with  fuch  aftoniftiment,  as 
not  to  enter  into  the  fimplicity  of  nature.'*  • 

The  material  world  is  an  immenfe  body,  com^ 
pofed  of  an  infinite  number  of  parts,  fo  inter- 
woven together  as  to  unite  in  one  common  center. 
There  is  no  infulated  fadl  in  nature ;  they  are  all 
relative,  having  a  double  reference,  as  effeds  to 
their  caufes,  and  as  caufes  to  their  effefts.  It  is 
the  bufinefs  of  philofophy,  to  point  out  what  ap* 
parcntly  feparates  the  parts,  and  how  they  arc  con- 
ncdted,  and  to  trace  thefe  connections  to  the 
principle  of  unity,  which  harmonizes  and  conneds 
all  the  works  of  creation. 

I  will  endeavour  to  render  this  important 
view  of  philofophy  more  clear  to  you,  by  an  ex- 
trad  from  a  work  of  the  Rev.  Mr.  Jones;  a  writer 
in  whom  you  will  find  great  originality  of  fenti- 
mcnt,  expreffed  with  energy  and  eafe ;  in  whofe 
hands  the  moft  abftnjfe  fubjedts  are  always  ren- 
dered plain  and  clear.  '5  Nature,'*  fays  he,  *'  is  a 
fyftem  of  parts  related^  and  cwcry  part  ftiould  be 

confidered 
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confidered  under  this  relation,*  without  which, 
neither  the  nature  nor  defign  of  it  can  be  under- 
ftood.     Take  the  leg  of  a  man,  and  confider  it 
without  any  regard  to  the  body  it  belongs  to,  it 
will  then  have  no  meaning  in '  it,  neither  can  he 
that  examines  it  underftand  any  thing  more  of  it 
than  it's  fubftance  and  figure.     But,  if  you  con- 
fider the  fame  member  with  it's  relation  to  the 
body,  then  you  difcover  with  admiration,  Firft, 
That  it's  vcflels  are  fupplied  with  the  animating 
fluids  of  blood  and  fpirits,   which   keep  up  the 
animal  life  in  it.     Secondly,  That  it's  mufcles  arc 
connecfled  with  the  fuperior  parts,   from  whence 
they  derive  their   faculty  of   motion/    Thirdly, 
That  it  is  framed  with  dueftrength  and  exaA  pro- 
portion to  the  weight  of  the  body,  to  preferve  it 
in  an  eredt  pofition,  and  tranfport  it  from  place 
to  place.     A  limb,  confidered  under  thefe  rela- 
ticms,  is  a  wonderful  fubjcdt,  worthy  to  be  ad- 
mired by  the  anatomift  and  philofopher.     But  if 
you  feparate  it  from  the  body,  it  is  deadj  motion- 
lefs,  and  ufelefs.     It  is  the  fame  with  any  member 
of  the  frame  of  nature,  even  fo  much  as^  a  fingle 
atom,   if  taken  independent  of  the  reft.     If  wc 
build  a  fyftem  on  matter  fo  independently  con- 
fidered, we  (hall  raife  fuch  a  world  as  never  did, 
nor  can  exift ;  and  which,  after  all  our  pains,  will 
be  as  ernpty  as  it  is  arbitrary." 

The  experimentalift  is  apt  to  err  in  another 
point,  and  defpife  all  fyftems,  becaufe  he  has 
neither  compafs  of  thought,  nor  extent  of  genius 
to  fee  and  embVace  the  idea  of  many  confequences 
from  one  principle.     He  confidcrs  the  author  of  a 

fyftem 

♦  Man,  who  is  the  fcrvant  and  interpreter  of  nature,  can 
aft  and  underftand  no  further  iKan  he  has,  cither  in  operation  or 
f  •ntemplation,  obferved  of  ihe  method  and  order  of  nature. 

Bacon,  Nov.  Org,  Aph,  u 
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frftem  as  a  vifionary  in  philofophy,  and  one  who 
is  forming  a  new  world  of  his  own  by  the-  com-* 
bination  of  incQngruities :  he,  therefore,  conti- 
nuallyl  abours  at  making  new  links,  without  ever 
forming  them  into  a  chain* 

;On  the  other  hand,  the  fyftematic  writer  too 

often  contemns  the  limited  conceptions  of  the  expe* 

rimenters  he  confiders  him  like  a  worm  that,  creeps 

ing  from  one  mole-hill  to  another,  fancies  each 

to  be  a  diftindt  world,   not  feeing  the  coiimioii 

bafis  which  unites  and  fupports  them  all.     He 

fails,   therefore^  in  framing  his  fyftem,  from  inat>- 

tcntion  to,  and  negledt  of,  experimental  inquiries  % 

and  his  'building  tumbles  into  ruin,  as  it  wantg 

thofepegs,  which,  though  fmall,  are  neccflary  to 

hold  the  whole  together*  ^ 

Having  Ihewn  you  the  danger  that  attends 

a  too  rigid  attachment  to  the  fyftematic  or  expe^ 

rimental  nnode  of  examining  natural  phenomena, 

I  may  proceed  without  fear  to  trace  the  further 

properties  of  air.      Thi$  fugacious  element  is  a 

rich,  and  almoft  inexhauftible  mine  of  knowledge, 

and  your  labours  therein,  if  vigoroufly  continued^ 

will  not  fail  of  their  reward. 

Of  the  Air  lodged  in  the  Pores  of  different 
Substances. 

Four  methods  are  ufed  to  extradl  air  from 
the  pores  of  thofe  bodies  in  which  it  is  engaged. 
I.  By  heating  the  bodies  :  2.  By  cooling  them : 
3"  By  placing  them  under  the  vacuum  of  an  air- 
pump  :  4^  By  diflblving  them  in  fome  mcnftruum. 

I.  By  heating  the  fubftance  we  may  extrafSt 
^he  air  that  is  contained  in  the  pores  thereof.  The 
htat  dilates  the  air  fo  much,  that  it  cannot  be  con*- 
taiacd  in  the  pores  of  any  fubftance  ^hofe  ppres 
do  not  expand  in  the  farne  proportion.  Hence  it 
^  that  you  fee  it  efcape  from  meat  and  fruits  whil^ 
•     Vol.  I. '  K  roafting, ' 
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Poafting,  from  wood  in  burning,  and  from  ftuiffe 
in  boifing.  In  the  laft  inftance  you  fee  the  air 
which  is  rarificd  by  the  heat  forming  itfelf  into 
bubbles,  and  traverling  the  fluid,  in  order  to  efcapc 
at  it's  furfacc. 

2.  When  any  fubftance  is  confiderably  cooled, 

it  is  condenfed,  and  it's  parts  are  brought  cloferto- 

'gether;  it's  pores  are  confequently  leffened,  and 

the  air  is  forced  out,  as  we  force  the  water  from  a 

fpunge,  by  comprefling  it. 

J.  The  air  which  is  lodged  in  the  pores  of  any 
fubftance  is  difengaged  when  they  are  kept  for 
fome  time  in  the  vacuum  of  an  air-pump :  when 
the  preffure  of  the  atmofphere  is  removed  by  the 
«ir-pump,  the  air  that  was  confined  by  that  pref- 
fure to  the  bodies  is  let  loofe.  This  I  fhall  illuf- 
trate  by  a  variety  of  experiments  on  different  fub- 
Hances^ 

4.  The  air  may  be  difengaged  from  many 
fubftances  by  diflblving  them  in  fonSe  menftruuni ; 
for  the  particles  of  the  body  that  is  dif&Ived,  be- 
ing difunited  and  fubdivided  by  the  diffoh'ant, 
the  air  is  no  longer  confined,  and  therefore  efcapcs 
with  facility,  as  you  fee,  when  fugar  is  diflblving  in 
water,  and  which  I  Ihall  further  illuftrate  in  the 
courfc  of  this  lecture. 

The  firft  experiment  I  Ihall  Ihew  you  on  this 
fubjeft,  will  be  with  the  clear  water  in  this  jar, 
which  I  fhall  place  on  the  plate  of  the  pump  un- 
der a  receiver :  as  foon  as  the  air  is  a  little  ex- 
haufted,  that  which  is  contained  in  the  water 
begins  to  expand  and  rife  in  bubbles,  which  pafs 
through  the  water;  they  arc  fmall  at  firft,  but 
grow  larger  as  they  rife  to  the  top  of  the  water; 
and  they  will  continue  to  rife,  though  more  flowly, 
almoft  as  long  as  the  pump  continues  to  Mork. 

I  ftiall  now  take  away  this  jar,  and  place  an- 
other with  varm  water  under  the  receiver;  Mvhcn 

the 
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the  prcflure  of  the  air  is  taken  off  from  the  furface 
of  tnc  water,  that  which  was  contained  therein 
unites  in  the  form  of  bubbles;  and,  being  adted  on 
at  the  fame  time  by  the  heat,  the  bubbles  expand, 
and  rife  with  fo  much  violence  as  to  carry  with 
them  a  thin  portion  of  the  fluid,  and  occafion  an 
appearance  of  ebullition  on  the  water,  fimilar  to 
that  of  boiling*  When  the  fluids  arc  of  a  more 
vifcous  nature,  as  beer,  ale,  &c.  the  bubbles  of  air 
cannot  burft  their  cafes,  and  the  fluid  is  formed 
into  froth. 

I  place  a  jar  of  new  ale  under  the  receiver ; 
^  foon  as  I  begin  to  work  the  pump  the  ale  is 
filled  with  bubbles  of  air,  which  rife  copioufly 
fepm  every  part;  and,  being  coated  with  the  vifcid 
pwticles  of  the  ale,  are  prevented  from  burfting, 
and  form  on  the  furface  thereof  a  white  frQthy 
head. 

Mere  arc  a  variety  of  fubftanccs  that  I  have 
put  into  different  jars  with  water,  in  order  to  place 
them  under  a  receiver  and  exhauft  the  water  there- 
from. The  air  lodged  in  the  pores  of  thefe  fub- 
ftances  is  as  denfe  as  that  of  the  furroundirig  at-» 
mofphere,  becaufe  it  fuftaias,  and  is  a  counterbaU 
lance  to  the  prefTure  thereof:  as  foon,  however^ 
as  it  is  freed  from  this  preflure,  "it  expands  and 
cfcapes  in  great  quantities  from  the  pores  in  which 
it  was  confined.  The  water  is  ufed  to  render  th^ 
cfcape  of  the  ^ir  vifible ;  the  air,  as  you  have  fecn 
In  the  preceding  experiments,  affumes  in  it's  paf-  . 
lage  the  form  of  fo  many  globules,  a  ihape  that 
any  other  fluid  would  affume  where  it  is  prelfed 
equally  in  every  diredion  by  another  fluid.  The 
Uater  you  ufe  in  thefe  experiments  ihould  be  pre- 
vioufly  deprived  of  it's  air,  either  by  extraditing  it 
therefrom  by  an  air-pump,  or  by  boiling  it,  which 
Vrill  anfwer  equally  well. 

Let  U5  pjacethis  new-laid  egg  (that  is  in  a  jar 
K  2  covered 
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covered  with  water)  under  a  receiver.     As  I  work 
the  pump  the  furface  of  the  egg  is  covered  with 
fmall  pearly  bubbles  of  air,  which  feparate  by  de- 
grees, and  rife  to  the  furface  of  the  water  :  at  cer- 
tain parts  of  the  egg  you  perceive  ftnall  jets  of  air, 
tvhich  are  formed  by  a  continual  fucceflion  of  (hefc 
globules.     The  (hell  of  an  egg  is  porous,  and  in  a 
few  days  a  part  of  it*s  internal  fubftance  will  cA-a- 
porate;  this  is  foon  replaced  by  the  air  which 
uirrounds  it.     The  air  contained  in  the  egg  will 
not  efcape  fo  long  as  it  is  retained  by  the  prefliirc 
of  the  atmofphere ;  but,  when  this  prcffure  is  di- 
minilhed,  then  the  internal  air  expands,  and  endea- 
vours to  pafs  out,  and  thus  difcovers  to  us  the  pores 
in  the  fhell.     I  Ihcwed  you  in  Le<5hire  II.  p.  4^ 
the  bubble  of  air  at  the  large  end  of  the  egg, 
which  bubble  is  one  of  the  means  ufed  by  nature, 
for  bringing  to  perfection  the  chicken  which  is 
Contained  in  embryo,  in  what  we  ufually  call  the 
treadle  of  the  egg.     The  warmth  communicated 
by  the  ^en  to  the  air  in  this  bubble  expands,  and 
puts  it  in  motion ;  the  air  reciprocally  preffes  on 
and  communicates  this  motion  to  the  egg,  which, 
in  fome  unknown  manner,  promotes  the  formation 
6f  the  chicken.     When  the  large  end  of  the  ^gg 
feels  cold  to  the  tongue,  it  is  a  proof  that  the  egg 
is  bad,  that  the  air  and  milky  fubftance  thereof 
has  efcaped ;  in  confequence  of  which    the  egg 
becomes  ftale,  putrid,  or  addled.     M.  Reaumur, 
the  famous  French  naturalift,  who  feldom  confined 
his  fpeculations  to  mere  curiofity,  has  fhewn,  that 
by  flopping  up  the  pores  of  an  egg  with  vamilh, 
or  a  flight  covering  of  mutton  fuet,  it  may  be  pre- 
ferved  perfedly  frefh,  and  generally  even  fit  for 
incubation  five  or  fix  months  after  it  has  been 
laid. 

This  piece  of  wood  is  fixed  to  a  Sveight,  to 
keep  it  immcrgcd  in  the  water*     I  place  it  in  a 

2  J4r 
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J*r  u^cr  the  receiver,  and  the  air  contained  in  th^ 
pores  o£  the  wood  rifes  in  great  quantities  in  fine 
fire^uns.  You  will  find  the  >fame  appearance^ 
from  TTioft  fiibJftances,  which  you  may  try  at  your 
icifurc. 

Here  is  a  long  piece  of  wood  fixed  to  this 

piece  of  brafs ;  the  brafs  ferves  to  cover  the  top 

of  an  open  receiver:  the  long  part  of  the  piece  pf 

wood  is  innnerged  in  the  jar  of  water,  (Jig.  i,  />/•  3  J 

while  ;:he  upper  paft  is  expofed  to  the  open  air. 

I^lace  your  thumb  upon  the  top  of  the  wood  to 

Qit  qIF  it's  communication  with  the  air  :  while  J 

work  the  pump,  you  fee,  the  air  contained  in  thf 

pprep  of  the  wood  rufli  through  the  water,  as  ixjl 

the  preceding  experiment.     Take  off  your  xhumb^ 

and  a  vaft  ftreswn^f  air  flows  in  through  the  wood; 

by   alternately   taking    away,   and   placic^g   your 

thumb  on  the  wood,  you  will  alternately  interrupt 

and  permit  the  influx  of  air.     This  experiment: 

Ihews  that  wood  is  pervious  to  air,  and  that  the 

courfe  of  the  air-veflfcls  is  lengthwife^ 

This  wooden  cup  is  contrived  to  fit  on  the 
jtop  of  an  open  receiver :  to  the  bottom  of  this 
cup  a  piece  of  wood  i^  fitted  (Jig.  3,  pL  3.)  I 
■Ihall  place  the  cup  upon  an  open  receiver,  pour 
fome  quickfilver  in  it,  and  then  exhauft  the  air 
froiyi  the  receiver^  This  being  fufficiently  ex- 
Jiaufted,  I  pull  out  this  plug,  which  lets  the  mer^ 
cury  come  to  the  top  of  the  piece  of  wood :  the 
air  you  fee  forces  itfelf  through  the  pores  thereof 
in  fuch  fine  ftreams,  as  to  form  a  fliower  of  filver. 
Here  is  another  cup  furniihed  at  bottom  with  a 
piece  of  buff-ikin ;  by  placing  this  on  a  receiver, 
and  cxhaufting  the  air  as  before,  we  procure  an- 
other (hower  of  mercury. 

A  piece  of  wood,  confidcred  according  to 

ix*8  length,  is  a  coUeftion  or  bundle  of  fibres  in- 

^  .  '      '  K  3  .  eluded 
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eluded  within  the  bark,  which  ferves  as  a  commtm 
tegument :  how  fmall  focvcr  thefe  ligneous  fibres 
may  be,  it  is  plain,  from  the  preceding  experi- 
ments, that  there  arc  interfticcs  between  them, 
forming  fo  many  little  canals  or  tubes  through 
which  the  air  and  quickfilver  pafled. 

It  is  owing  to  the  porofity  of  wood  that  it  is 
liable  to  fuch  a  variety  of  changes  in  it's  volume 
or  bulk.  It  is  hence  that  wainfcotting  in  new 
buildings,  ^nd  other  joiners'  work,  which  ^re  not 
made  of  feafoned  ftuff,  often  cleave  with  a  great 
crack,  and  the  joints  lofe  their  exadlnefs  and  fck- 
lidity,  and  manv  other  inftances  that  will  eafily 
occur  to  your  recolleftion ;  for  all  thefe  efFcdi 
afife  from  an  |ncreafe  of  dimenfion  by  moifture, 
or  diminution  by  drynefs.  The  experiment  with 
a  piece  of  bult-fkin  proves  the  extreme  po- 
ronty  of  the  (kin  of  animals:  the  quantity  of 
matter  which  is  thrown  off  from  the  human  body, 
through  the  pores,  is  really  furprizing.  From  the 
experiments  of  San6lorius,  and  others,  it  appears, 
that  of  eight  pounds  of  nouriftiment,  .which  a  man 
may  have  taken  in  twenty-four  hours,  infenfible 
tranfpiration  carries  off  five  of  them. 

Here  is  a  fmall  piece  of  wood  cut  fmooth 
at  each  end,  and  immerged  in  a  bafon  of  quick- 
filver; thefe  I  place  under  a  receiver:  on  exhauft- 
ing  the  air,  what  is  in  the  wood  flies  out  of  the 
pores  paflTmg  through  the  mercury ;  on  letting  in 
the  air  again,  it  will  fall  with  fo  much  force  upon 
the  jnercury,  as  to  injed  it  through  all  the  pores  of 
the  wood.    '       ' 

It  is  very  probable  that  Ruifch  and  Lieberkuhn 
made  ufe  of  the  preflTure  of  the  atmofphere  for 
jnjefting  fluid  fubltances  into  the  fmaller  vcflcls  of 
the  humaa  body,  whicK  has  rendered  fome  of  their 
anatomical  preparations  fo  famous.  The  method 
'  ,  they 
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tiicy  ufed  is  not  known,  but  a  Dr.  Beuth  is  faid 
to  have  recovered  it,  and  defcribed  the  manner.* 

There  only  remains  to  fhew  you  that  the  air 
contained  in  the  pores  of  different  fubftances,  may 
bedifengaged  by  diffblving  them  in  any  menftruum. 
The  particles  of  the  body  to  be  dilfolved  are  dif- 
united  and  fubdivided  by  the  diflblvant,  and,  the 
air  being  no  longer  confined,  efcapcs  with  facility. 
The  foiiowing  experiment,  which  you  may  make 
any  where,  wants  no  apparatus  but  a  tumbler 
of  water  and  a  deep  di(h.  of  bafon. .  As  the  expe- 
riment is  of  confiderable  importance,  and  the  ex- 
pert management  thereof  will  be  ncceiTary  whei| 
you  come  to  confider  the  nature  of -claftic  fluids^  I 
ihall  be  very  full  the.reon* 

To  CONVEY  Air  prom  one  Vessel  to  a>iother^ 

Take  any  common  glafs  receiver,  vial,  &c^ 
fill  it ;  put  your  finger,  or  open  hand,  on  the  mouth 
of  it,  fo  as  not  to  let  any  water  drop  out,  and  in* 
vert  it  in  *  bjifon  of  water ;  taking  care  that  the 
mouth  of  the  Veffel  may  be  a  little  way  below  the 
furface  of  the  water  in  the  bafon  ;  then  flip  away 
your  hand,  and  the  glafs  vpflcl  will,  as  you  fee, 
remain  filled  with  the  water^  The  weight  of  the' 
atmofphere  prefling  upon  the  water  ia  the  bafoix 
fuftains  the  water  in  the  glafs. 

If  I  wilhcji  to  introduce  fome  common  air 
into  thk  glafs  receiver  filled  with  water,  which 
ftands  in  a  deep  v^ flel  of  water,  and  preferve  it 
there  detached  from  the  general  mafs,  I  proceed 
in  the  following  manner :  I  take  a  fmatl  veffel,  as 
this  tea-cup,  filled  only  with  air,  plunge  it  in  the 
water  of  the  bafon  with  the  mouth  do\Vnwards, 
which  prevents  the  air  from  efcaping  ;  I  then  lifp 
the  glal^  from  the  bottom  of  the  bafon,  but  nof 
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fo  higK  as  to  ceme  out  of  the  water,  bringing  the 
cup  under  it,  and  then  turning  the  mouth  thereof 
downwards ;  the  air  is  then  forced  out  of  it  by  the 
water,  and  afcends  to  the  upper  part  of  the  glafs : 
being  here  confined  by  the  water,  you  may  keep 
it  for  any  length  of  time.  I  now  take  away  the 
eup,  and  fet  the  glafs  down  again  on  the  bottom  of 
the  bafon.  The  method  of  thus  conveying  air 
ind  confining  it  being  explained,  I  return  to  the 
experiment  of  (hewing  you  the  air  difengaged  from 
fubltances  by  diffblution.  I  firft  inverted  this 
tumbler  filled  with  M'ater,  as  before  direiited  :  I 
put  a  piece  of  fugar  under  the  tumbler ;  and  you 
fee  that,  while  it  is  diffolving,  bubbles  of  air  are 
continually  efcaping  from  it ;  that  they  rife  from 
the  top  to  the  bottom  of  the  jar,  forcing  the 
water  out  by  their  expanfion,  and  occupying  the 
fpace  it  quits.  Thus  have  I  (hewn  you  that  air, 
br  fome  elaftic  fluid,  is  combined  with,  and  forms 
a  part  of  moft  fubftances,  and  may  be  difengagcd 
from  them  by  one  or  other  of  the  four  methods 
juft  defcribed. 

This  combination  is  an  object  worthy  of  ad- 
miration :  you  here  find  a  large  quantity  of  an 
ijlaftic  fluid,  which,  when  difengaged^  occupies  a 
fpace  many  times  larger  than  the  fubftancc  from 
which  it  was  extradled ;  yet,  when*  combined 
therewith,  is  fo  far  from  tearing  it  to  pieces,  or 
even  inflating  it,  that  it  appears  in  feveral  in- 
ftances  to  be  neceiTary  to  it's  cohefion  and  con- 
fiftency. 

You  have  fcen  how  foon  water  began  to  boil 
under  the  receiver  of  an  air-pump,  and  that  with 
a  heat  confiderably  lefs  than  is  ncceflary  for  the 
ordinary  produilion  of  ebullition.  Indeed,  with- 
out the  prelfure  of  the  atmofphere,  water  would 
begin  to  boil  with  an  ordinary  heart,  and  would  be 
transformed  into  a  vapour,  having  it's  particles 
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fcattered  indefinitely  through  the  furrounding 
fpace  ;  an  incumbent  preffurc  retards  the  pro- 
dudiion  of  vapour  from  thofc  fubftances,  ,  which 
yield  it  naturally  while  under  lefs  preffure.  Thus 
fermenting  liquors  yield  a  great  quantity  of  elaftic 
fluid  under  the  ufual  gravity  of  the  atmofphere ; 
but  the  produAion  thereof  is  confiderably  retarded 
in  condenfed  air.  In  like  manner,  fruits  included 
in  a  receiver  wherein  the  air  is  much  condenfed, 
do  not  yield  the  fame  quantity  of  air  they  are  wont 
to  do  in  a  lefs  denfe  medium. 

In  moft  cafes,  if  the  fubftance  from  which 
the  air  has  been  extracted  be  expofed  again  to  the 
air,  it  regains  fooner  or  later  what  it  had  loft. 
M.  Mar iotte, proved  this  circuniftance  by  a  very 
fimplc  experiment,  that  you  may  repeat  at  your 
leifure.  For  this  purpofe  he  extraded  the  air 
from  a  quantity  of  water  ;  firft,  by  boiling  it,  and 
afterwards  keeping  it  fome  time  in  vacuo  ;  he  then 
filled  a  phial  with  this  water,  inverted  it,  placing 
the  mouth  under  water ;  letting  after  this  a  bubble 
of  air  into  it,  according  to  the  method  explained. 
The  bubble  of  air  diminifhed  by  degrees;  in  three 
days  it  was  entirely  vanilhed;  which  proves  that 
the  air  had  been  abforbed,  or  had  by  fome  means 
inlinuated  itfclf  into  the  pores  of  the  water. 

Of  the  Air's  Resistance. 

The  frame  in  my  hand  contains  two  mills, 
(fig.  4,  pL  3,)  each  of  which  has  the  fame  number 
of  vane<  (or  fails)  of  the  fame  weight,  and  of  the 
fame  length  and  breadth;  with  this  difference, 
that  in  one  the  vane€  are  fixed  edgewife^  fo  as  to 
cut  the  air  with  only  a  thin  edget  the  other 
brcadthwife,  meeting  the  air  with  the  whole  of 
it's  furface.  This  fpring  prcfles  ftrongly  againft 
the  two  pins  which  are  fixed  to  the  naves  of  the 
mills  :  the  piece  which  holds  them  preflca  equally 
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againft  them,  and  thus  gives  them  an  equal  im- 
pulfe ;  when  I  fct  them  in  motion,  they  both  begin 
to  move  with  equal  velocity :  the  one  which  meets 
the  air  with  it's  whole  furface  now  moves  flower 
than  the  other: — it  has  flopped  ;  whereas  the  other 
ftill  continues  to  move.  We  bearn  from  this  ex- 
periment, two  things;  ifl.  That  the  air  is  a  re- 
lifting  medium ;  2d.  That  it  refifts  in  proportion 
to  the  furface  oppofed  to  the  air:  for  the  mill 
which  met  and  divided  the  air  by  the  edge,  having 
lefs  air  to  remove,  met  with  lefs  refiftance,  and 
continued  to  move  longer.  Hence  you  fee,  that 
the  fame  mafs  may  meet  with  a  di  tie  rent  refift- 
ance in  the  fame  medium,  according  as  it  prefents  to 
it  a  greater  or  a  leffer  furface  :  hence  alfo  you  will 
obferve,  that  a  waterman  makes  his  oar  a(tl  on  the 
flat  or  broad  fide,  when  he  ufes  the  refiftance  of 
the  water,  to  puflihim'on  ;  but  that  he  lifts  it  out 
by  the  edge,  that  he  may  have  lefs  weight  to  fur-r 
mount. 

This  experiment  will  receive  additional  force, 
if,  at  your  leifure,  you  place  your  mills,  under  the 
receiver  of  an  air-pump,  and  when  the  air  is  ex- 
haufttd  put  the  mills  in  motion  ;  the  refifting  me- 
dium being  removed,  they  will  both  flop  at  the 
iamc  time. 

•  The  experiment  with  the  guinea  and  feather 
is  one  of  the  moft  celebrated  among  thofe  made 
with  the  air-pump.  This  apparatus  (jig.  10,  pi.  3,) 
is  fo  contrived  as  to  let  the  guinea  and  feather  fall 
at  the  fame  inftant  from  the  upper  part  of  the  re- 
ceiver. The  experinrurnt  may  be  repeated  three 
times  without  taking  off  the  apparatus,  or  ex- 
haufting  the  air  afrefti,  the  apparatus  being  fo 
conftruded  as  to  let  three  guineas  with  their  fea- 
thers, fall  feparately  at  three  different  times. 

To  make  the  effedt  more  fenfible,  I  fliall  let 
one  guinea  and  feather  fall  while  the  air  is  in  th^ 
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receiver,  and  you  fee  the  guinea  reaches  the  bot- 
tom in  an  inftant,  but  the  feather  defcends  gently, 
and  with  an  indirect  motion,  to  the  bottom.  I 
Ihall  now  exhauft  the  receiver: — it  is  ready:  look 
ftedfaftly  at  the  bottom  of  the  glafs,  and  you  will 
perceive  the  guinea  and  feather  arriving  at  the 
fame  moment  on  the  plate  of  the  pump ;  proving 
that  a  light  body  falls  juft  as  faft  as  a  heavy  one, 
in  an  unrefifting  medium. 

Birds  make  ufe  of  the  refiftance  of  the  air  to 
facilitate  their  motions,  in  the  fame  manner  as 
fiihes  make  ufe  of  the  water;  by  ftriking  the  air 
'With  their  wings  they  move  forwards,  their  tail 
ferving  as  a  rudder  to  diredt  their  courfe.     The 
breaft-bone,  inftead  of  being  flat,  rifes  gradually 
from  the  fpine,  and  terminates  in  a  (harp  kedl, 
which  enables  them  to  cut  the  air  with  greater  fa- 
cility :  for  the  fame  purpofe  the  heads  of  birds 
are   proportionably   fmallcr   than   thofe  of  qua- 
drupeds,   and  moft  of  them  terminate  in  light 
Iharp-pointed  beaks.    But,  as  the  refiftance  of  the 
air  is  lefs.  than  that  of  water,  it  muft  be  ftruck 
with  more  fwiftnefs,  or  with  a  greater  furface. 
Hence  you  find  that  thofe  birds  which  fly  for  a 
long  time,  and  far,  as  fwallows,  &c.  have  gene- 
rally fmall  bodies,  many  feathers,  and  large  wings ; 
while  thofe  of  a  Ihorter,  or  lefs  frequent  flight, 
have  commonly  more  flefti  and  lefs  wings  in  pro- 
portion.     The  latter,    on   obfervation,  you  will 
find  beat  their  wings  oftencr  than  the  others,  in 
flying.    Sparrows,  chafiinchcs,  goldfinches,  linnets, 
&c.  fly  as  it  were  by  ftarts,  and  do  not  fupport 
themfelves  long  in  the   fame   diredion.      Their 
wings  cannot  raife  and  fuftain  their  bodies,  but 
by  a  velocity  in  their   motions,  which  they  are 
/obliged  often  to  intermit :  during  the  intermiflioa 
their  weight  gains  upon  them,  and  they  lofe  part 
of  that  elevation  they  had  before  obtained,  fo  that 
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riicir  flight  is  only  a  fucceflion  of  jerks  and  ftarts. 
There  are  birds  which  fupport  themfelvcs  for  fome 
time  at  the  fame  height  without  feeming  to  move 
their  wings ;  this  is  called  planeing.  There  is 
little  doubt  but  that  they  move  their  wings  at  this 
time ;  but  then  the  vibrations  thereof  arc  fo  quick 
and  fo  fhort,  that  they  cannot  be  perceived  on  ac- 
count of  the  greatnefs  of  the  diftancc.  You  will 
obferve  that  thefe  planeing  birds  are  obliged  from 
time  to  time  to  regain  that  height,  by  a  flight  in 
the  common  way,  which*  they  have  infenlibly  loft  ; 
and  they  then,  by  flower  and  more  extenlive  mo- 
tions, repofe  as  it  were  the  mufcles  that  have  been 
fatigued  by  thefe  fhort  and  frequent  motions. 

The  refiftancc  of  the  air  is  a  matter  of  great 
importan<;e  in  the  theory  of  gunnery,  and  allow- 
ance muft  be  made  for  it  in  all  it's  calculations. 
And  though  every  well-difpofed  mind  is  defirous 
of  difcouraging  any  improvements  in  the  inftru- 
mcnts  of  death,  yet  muft  the  ftudy  of  arms  be 
continued  and  promoted  till   thofe  times  come, 
IVben  nation  Jhall  not  lift  up  /word  agaii{fl  natiou, 
neither  Jhall  they  learn  war  any  more.     The  nature 
of  the  rcfiftance  of  the  air,  and  the  method  of  in- 
veftigating  it,   are  too  abftrufe   and  delicate  to 
make  a  part  of  our  ledures.     I  can  only  drop  a 
hint  or  two  to  Ihew  you  the  magnitude  of  it's  ef- 
fcjdls ;  and  heilce  the  importance  of  fome  branches 
of  fcience,  which  might  otherwife  appear  to  you 
but  of  little  ufe.      Cannon  or  mulket-ftiot  pro- 
jcded  with  velocities  from  400  to  1600  feet  in  a 
fecond,  by  their  great  velocity  leave  behind  them, 
during  their  paflage  through  the  air,  a  partial  va- 
cuity:    but  when  the  velocity  is  equal  to  1600 
feet  in  a  fecond,  the  fpace  defcribed  by  the  ball,  as 
it  moves  along,  may  be  called  an  abfolute  vacuum; 
confequently,  a  ball  moving  with  this  velocity, 
^l  be  refilled  by  the  whole  weight  of  the  at- 
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ihofphere,  cxclulive  of  tHe  cfFedt  derive^  from  the 
air  dirplaced.  Mr.  Robins  found  that  this  refift- 
ance  on  the  ball  of  an  iron  24-pounder,  whofc 
diameter  is  nearly  5  i  inches,  amounted  to  54a 
pounds. 

There  is  another  circumftance  which  incrcafes 
the  reliftance  in  bodies  moving  with  great  velo- 
cities ;  fuch,  for  inftance,  as  1 800  or  2000  feet  in 
a  fecond :  for  the  air  before  the  ball  being  in  this 
cafe  condenfed,  exerts  a  force  of  elafticity  againft 
it,  in  proportion  to  the  compreflion.     This  claftic 
force  t)f  the  air,  when  exerted  againft  bodies  of 
fmall  weight,  but  moving  with  /confidcrablc  ve- 
locity, may  become  fo  great  in  proportion  to  the 
w^eight,  as  not  only  to  deftroy  the  motion  com- 
municated, but  even  to  repel  them;  which  is  fre- 
quently obferved  to  happen  when  very  fmall  (hot 
are  difcharged  by  a  large  quantity  of  powder  ;  in 
•which  cafe  the  Ihot  returns  back  in  a  diredion 
contrary  to  that  in  which  they  were  projeded. 

Air  useful  in  Respiration. 

Your  own  obfervations  and  experience  have 
(hewn  you  that  the  organization  of  the  human  frame 
is  a  fubjedl  w6rthy  of  the  moft  ferious  attention. 
The  nature  of  the  prefent  ledlure  leads  me  to  ex- 
plain fome  parts  thereof,  and  to  confider  fome  of 
thofe  procefles  that  are  carrying  on  within  it  for 
the  maintenance  of  it's  oeconomy.  You  breathe 
continually,  and  you  are  fenfible  you  could  not  live 
"9  hhout  breathing ;  fo  that  to  live  and  to  breathe 
have  been  confidered  as  fynonymous  terms.  Thou 
takeji  away  the  breathy  fays  the  Pfalmift,  and  they 
.  'die.  This  operation,  which  of  all  the  ads  of  ani- 
ftial  life,  is  one  of  the  chief  and  moft  ncceflkry, 
i^  in  general  called  refpiration.  It  confifts  of  two 
actions ;  one,  by  which  we  draw  ^iv  into  the  lungs; 
the  other,   by  which  we*  expel    it    from   them. 

The, 
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The  former  of  thcfc  is  called  infpiration,  the  lattcf 
expiration ;  motions  that  are  more  evident  or  ^01-^ 
fible  than  any  other  that  are  performed  within 
the  body.     They  begin  the  moment  we  are  bom^ 
and  continue  as  long  as  we  live.     They  are  partJy 
voluntary,  and  partly  involuntary ;  continuing  dur- 
ing flcep  and  apoplexy,    when  the  will   has    no 
power ;  but  wc  can  on  the  other  hand  increafc, 
diminifh,   accelerate,  or  retard  thefe  motions   as 
often  as  we  plcafe.     The  digeftion  of  our  food — 
the  circulation  of  the  blood,  fccrction,  and    ab- 
forption,  though  all   efTcntial  to  animal  life,   arc 
not  fufficicnt  to  prcfcrve  it  a  few  minutes,  without 
the  conftant   flowing  of  frefli  air  into  the  lungs, 
and  it's  reflux  into  the  atmofpherc. 

The  organs  of  rcfpi ration  acfted  upon  by  the 
air,  are  as  the  firft  wheel  in  a  machine  which  re- 
ceives the  moving  power.  Heat  prefcrves  the 
fluidity  of  the  blood  and  humours,  and  adls  as  an 
expanding  force  in  the  ftomach,  heart,  and  blood- 
veflfels;  which  force  is  counteracted  from  without 
by  the  atmofpherical  prclTure;  for  the  want  of 
which,  the  veifcls  would  be  ruptured  by  the  pre- 
vailing force  Vvithin. 

Animal  life,  confidcrcd  only  as  motion,    i» 

maintained  like  the  other  motions  of  nature,  by  the 

acftion  of  contrary  forces ;  in  which  there  is  this 

wonderful  property,  that  neither  appears  to  have 

the  priority,  and  whofe  joint  eftciit  is  a  motion, 

which,   in  theory^  is  perpetual.     The  flame  of  a 

candle  cannot  burn  without  Are,  nor  be  lighted 

without  air;    which   of  thcfe  is  firfl:  we  cannot 

feem  co-infl:antaneou6,  and  they  work 

1   the   matter  fails   which   they   work 

s  alfo,  when  the  animal  is  born  into 

and  the  candle  of  life  is  lighted  up,  it 

;).givc  any  precedence  to  ihc  clcmcn- 
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tary  powers  by  which  it  is  fupportcd.  The  weight 
of  the  atmofphere  forces  into  the  lungs  (as  foon 
as  they  are  expofed  to  it's  adtion)  that  air  which 
is  the  breath  of  life;  but  this  could  not  happen, 
Untefs  the  more  fubtil  element  of  fire  were  to  oc- 
calion  a  rarifadlion  within  ;  and  this  reciprocation 
once  begun  is  continued  through  life,  though 
it  will  fail,  if  the  acStion  of  the  elements  upon  ir 
ceafe.* 

Air  is  as  e^ential  to  the  combuflion  of  bo- 
dies as  to  the  fupport  of  animal  life;  fo  much 
fo,  that  even  thofe   which   are   the   moft   com- 
buftible  will  not  flame,  but  in  contadl  with  air; 
and  thofe  which  are  already  inflamed  are  cxtin- 
guilhed  on   being  deprived  of    it.      Thus,  if  a 
candle  be  put  under  a  clofe  receiver,  it  will  be  ex- 
tinguilhed  in  a  longer  or  (horter  time,  according 
to  the  quantity  of  air  contained  in  the  receiver, 
and  the  (izc  of  the  candle.     You  know,  on  the 
other  hand,  how  much  fire  is  quickened  and  in- 
creafed  by  a  blaft  of  air ;  fo  that  air  is  not  only 
neceflary  to  the  aftion  of  fire,  but  it  would  feem 
that  the  adlion  of  fire  in  general,  is  the  joint  adlion 
of  air  and  firf  together.      It  follows  alfo,  from 
Mhat  has  been  faid,  that  a  candle  will  burn  but  for 
alhort  time  in  rarifiedair,  and  not  at  all  in  vacuo. 
Air  is  not  only  neceflary  for  the  fupport  of  animal 
life  and  combiiftion,  but  it  is  alfo  neceifary  that  the 
air  be  good,  for  contaminated  air  is  as  pernicious 
to  both  as  a  vacuum.    There  is,  you  fee,  a  ftriking 
relation  between  the  flame  of  a  candle,  and  the 
principle  of  life  in  an  animal  body ;  they  are  both 
fupported  by  air,  and  the  fame  contaminated  air 
that  puts  out  the  candle,  extinguiflies  animal  life ; 
and  that  air  which  is  too  much  rarified  to  keep  a 
candle  burning,  is  infufficient  for  refpi ration. 

There 
*  Jones's  SermonSj  vol.  ii.  p.  92, 
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Ther^  is  no  animal  found,  how  fetmii^ly  tor- 
pid focver  it  may  be,  that  does  not  require  a  need- 
ful fupply  of  air,  the  great  parent  of  health  and 
difpenfer  of  light  and  warmth.  Even  fifties,  which 
are  furnifhed  with  magazines  of  air,  and  with  the 
means  of  appropriating  to  themfelves  that  which 
is  difleminated  in  the  water,  rife  from  time  to 
time  to  recruit  their  ftock,  and  will  live  but  a 
little  time  in  water  from  whence  the  air  is  ex- 
tradted.      Some  animals   bear  indeed  a  vacuum' 
better  than  others.     Thofe  which  have  two  ven- 
tricles to  the  heart,  as  man,  quadrupeds,  birds,  and 
probably  cetaceous  fiihes,  perifh  therein  in  a  few 
minutes ;  while'  thofe  which  have  only  one  ven- 
tricle, as  reptiles  and  fi{h,  live  in  a  vacuum  for  fe- 
veral  hours,     Befides  the  deprivation  of  air  in  a 
vacuum,  there  are  other  caufes  which  render  it 
deftrudlive  of  life:  among  thefe  is  the  dilatation 
of  the  air  lodged  in  the  cavities  of  the  body,  as 
well  as  that  contained  in  the  pores  of  the  fluids  i 
for  this,  being  no  longer  fubjeft  to  the  preflure  of' 
the  atmofphere,  expands  and  feparates  the  fluids 
in  the  capillary  vcflels,  and  often  burfts  them. 

Many  animals  have  been  tortured  in  a  re--  • 
ceiver,  merely  to  obfcrve  their  manner  of  dying: 
thus  have  men  gratified  curiofity  at  the  expence 
of  humanity ;  and  that  toa  often  without  any  pro- 
bability of  extending  the  bounds  of  fcience,  of 
promoting  the  good  of  mankind.  No  rational 
cxcufe  can  be  given  for  depriving  a  poor  creature 
of  it's  life,  (the  greateft  boon  that  nature  can 
beftow,)  or  even  to  put  it  in  pain,  but  an  obje(9: 
of  utility:  he,  who  can  from  thence  procure  be- 
nefits for  the  higher  orders  of  anunated  beings, 
may  be  permitted  to  exert  the  powers  he  poflcffes 
over  the  inferior  orders  of  life  ;  but  he  greatly 
errs,  if  he  fuppofcs  thefe  powers  may  be  ufed  to 
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gratify  wanton  curiofityj  or  the  fports  of  an  inor- 
dinate fancy. 

I  (hall  therefore  only  relate  to  y6u  one  inftance 
among  many:  Mr*  Boyle  took  a  new-caught  viper, 
ancl^lhutting  it  up  in  a  fmall  receiver,  extradled  the 
therefrom:  at  firft,  upon  the  air's  being  drawn 
away,  it  began  to  fwell ;   fome  time  after  he  had 
done  pumping,  it  began  to  gape  and  open  it's 
jaws ;  it  then  refumed  it's  former  lanknefs,  and 
began  to  move  up  and  down  within  the  receiver^ 
as  if  to  feek  for  air.     After  a  while  it  foamed  a 
little,  leaving  the  foam  flicking  to  the  infide  of  the 
glafs :  foon  after  the  body  an^^neck  grew  prodi- 
gioufly  tumid,  and  a  blifter  appeared  upon  it's 
back.     In  an  hour  and  an  half  after  the  receiver 
was  exhaufted,  the  (liftended  viper  moved,  being 
yet  alive,  though  it's  jaws  remained  quite  dif-^ 
tended ;    it's  black  tongue   reached   beyond  the 
mouth;  which  was  alfo  grown  blackifh  in  the  in- 
fide ;  and  in  this  fituation  it  continued  for  three 
hours :  but  upon  the  air's  being  re-admitted,  the 
viper's  mouth  was  prefently  clofed,  and  foon  after 
opened  again ;  thefe  motions  continuing  for  fome 
time,  as  if  there  were  ftill  fome  remains  of  life. 
It  is  thus  with  animals  of  every  kind ;  even  mi-^ 
nute  mierofcopical  infedls  cannot  live  without  air. 
The  moft  interefting  fadts  relating  to  com-* 
bullion,  and  even  animal  life,  may  be  illuftrated  by 
a  few  experiments.     Stick  a  ftraight  piece  of  wax 
taper,  about  four  inches  long,  upon  a  large  cork  : 
then  take  an  empty  quart  bottle,  and  hold  it  by  the 
neck   in    an  inverted  pofition;   light  the  taper, 
and  introduce  it  quickly  into  the  bottle,  taking 
care  not  to  put  it  out  by  touching  the  fides  of  the 
bottle :  the  cork  being  large,    clofes  the  mouth, 
and  prevents  the  entrance  of  any  air  from  with- 
out.   You  have  performed  this,  and  you  obferve 
that  the  flame  of  the  taper  contrads,  grows  dim. 
Vol.  I.         .  L  and 
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and  in  about  one  quarter  of  a  minute  goes  out. 
Now  withdraw  the  taper,  clofing  the  mouth  of 
the  bottle  with  -your  thumb :  light  the  taper 
again,  and  flipping  off  your  thumb,  introduce  it 
into  the  bottle,  and  you  will  fee  that  it  will  be 
immediately  extinguilhed  ;  the  air  being  fo  vi- 
tiated as  to  be  incapable  of  affifting  the  flame.  If 
you  wifli  to  prefcrve  the  air  in  the  bottle,  and  tr>' 
the  experiment,  when  the  fmoke  is  fubfided, 
either  cork  the  bottle  carefully,  or  place  it  in  an 
inverted  pofition,  w  ith  the  mouth  under  water. 

Put  eight  or  ten  pieces  of  money  one  upon 
another,  in  a  bafon,  fo  as  to  form  a  fmall  pile  or 
pillar  therein  ;  oir  thefe  put  fome  cotton  or  pieces 
of  paper,  with  a  little  brimftone ;  then  pour  water 
into  the  bafon,  fo  as  to  reach  about  one-fifth  or 
one-fixth  part  of  the  height  of  the  pillar  of  mo- 
ney. After  this  invert  a  large  plain  glafs  tum- 
bler upon  the  cotton  and  it's  fupport.  You  muft 
incline  the  tumbler  while  you  are  putting  it  down, 
in  order  to  let  fome  water  in,  and  fome  air  go  out, 
and  make  a  mark  on  the  outfide  of  the  tumbler, 
exactly  coinciding  with  the  level  of  the  water 
within.  This  being  done,  let  us  take  this  appa- 
ratus into  the  funfliine ;  and  by  means  of  a  burn- 
ing-glafs,  thro\v  the  collected  rays  of  the  fun  upon 
the  cotton  and  fulphur.  We  have  thus  inflamed 
them ;  the  air  within  being  rarilied  by  the  heat 
of  the  inflamed  fubftance  dcprcfles  the  water. 
It  V. ill  fometimes  force  it's  way  out:  to  prevent 
this  you  fliould  only  ufc  a  fmall  quantity  of  cpm- 
buftible  matter,  and  let  the  water  come  up  pretty 
high,  within  the  tumbler,  previous  to  the  appli- 
cation of  the  lens.  Having  given  you  this  cau- 
tion, let  us  obferve  our  apparatus :  it  is  now  be- 
come as  cool  as  it  was  at  firfl,  and  you  fee  the 
water  within  the  tumbler  is  rifen  above  the  mark; 
Ihewing  that  the  combuftion  of  the  cotton,  ice. 
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occanoned  a  diminution  of  the  air  ini  the  glafs. 
This  diminution  of  air  by  combuftipa  is  a  fa(il  of 
confiderable  importance. 

I  (hall  relate  you  another  experifpent  of  tl)C 
fame  kind  made  by  Dr.  Hale?,  which  you  may  re- 
peat at  your  leifure.  *'  I  took/'  fays  the  ppdor^ 
"  a  lighted  candle  about  fix-tenths  of  an  inch  i^ 
diameter,  and  put  it  under  an  inverted  receiver, 
aad  with  a  fyphon  drew  the  water  up  to  a  certain 
height :  then  drawing  out  the  fyphon  the  water 
would  defcend  for  a  quarter  of  a  minute,  and  after 
that  afcend,  though  the  candle  continued  burning 
and  heating  the  air  for  near  three  minutes.  The 
water  did  not  afcend  with  an  equal  progrefllon ; 
it  would  fometimes  move  w  ith  a  flow,  ancj  fgmc- 
times  with  an  accelerated  motion ;  but  the  cjenfer 
the  fumes  the  fafter  it  afcended.  As  foon  as  the 
candle  was  out  the  doctor  marJced  the  height  of 
the  water  above  it's  firft  fituation.  The  difference 
Ihewed  the  diminution  of  air,  which  Dr.  Hales 
fuppofed  was  owing  to  it's  elafticity  being  de* 
ftroyed  by  the  burning  candle.  As  the, air  cooled, 
the  water  rofe  in  the  receiver,  and  continued  rifmg 
for  twenty  or  thirty  hours.  He  deduced  from  this 
experiment  that  about  Ath  pf  the  whole  quantity 
of  air  w^as  deftroyed  by  combuftion. 

The  refpiration  of  animals  produces  the  fame 
eflfed  on  air  as  combuflion,  and  their  conftant  heat 
is  probably  an  effedt  of  the  fame  nature.  When 
an  animal  is  included  in  a  limit;ed  quantity  of  at- 
«K)fpherical  air,  it  dies  as  foon  as  the  air  is  viti- 
ated. This  may  be  ftated  in  more  gen(;ral  terms : 
^*  Whenever  combuftion  or  ?iny  fimilar  procefs  is 
carried  on  in  a  vcffel  containing  atmofpherical  air, 
it  is  found  that  the  procefs  ceafcs  after  a  certaia 
time,  and  that  the  remaining  air,  which  is  about 
three-fourths  of  the  whole  bulk,  is  fo  altered  as 
to  be  incapable  of  maintaining  gonibuftion,  or 
L  2  fupporting 
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fupporting  animal  life.'*  From  thefe  experiments 
it  is  clear  that  one  of  the  following  confequences 
muft  take  place :  i.  The  combuftible  body  muft 
have  emitted  fome  principle,  which,  by  combin- 
ing with  the  air,  has  rendered  it  unfit  for  the  pur- 
pofes  of  combuftion.  Or,  2.  It  has  abforbed  part 
of  the  air  which  was  fit  for  that  purpofc,  and  has 
left  a  refidue  of  a  different  nature.  Or,  3.  Both 
events  have  happened,  namely,  that  the  pure  part 
of  the  air  has  been  abforbed,  and  a  principle  has 
been  emitted,  which  has  changed  the  orginal  pro- 
perties of  the  remainder.  Thefe  circumftanccs 
are  only  mentioned  at  prefent,  in  order  to  awaken 
your  attention  to  this  curious  lubje,  but  will  be 
confidered  more  fully  hereafter. 

The  following  calculation  has  been  made  from 
the  data  furnilhed  by  Dr.  Hales's  experiment: 
The  flame  of  the  candle  he  ufed  occupied  about 
half  a  cubic  inch,  and  yet  confumed  about  78 
cubic  inches  of  air  in  three  minutes,  which  is  about 
3744  cubic  inches  in  a  day,  or  791  cubic  feet  in  a 
year.  If  fires  adl  according  to  their  cubic  di- 
menfions,  which  is  the  neareft  rule  we  can  follow, 
then  a  fire  of  a  cubic  foot  would  confume  about 
3456  times  as  much  as  the  candle  that  is  2733696 
cubic  feet  in  a  year.  Now,  fuppofing  170000 
dwelling-houfes  in  London  (which  it  was  com- 
puted to  have  fome  years  back,)  and  allowing 
two  fires  in  an  houfe,  and  making  no  account 
of  candles,  lamps,  &c.  the  fum  of  cubic  feet  con- 
fumed  in  London,  amounts  to  about  23CXXX5  mil- 
lions of  cubic  feet;  and  if  all  other  circum- 
ftances  in  different  parts  of  the  world  delating  to 
this  confumption  of  air  were  confidered,  the 
quantity  ufually  allowed  to  the  earth's  atmofphere, 
would  be  confumed  in  a  much  ftiortcr  time  than 
would  be  imagined.  I  muft  here,  however,  be 
content  with  a  very  grofs  reckoning,  as  it  would 
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bv,  very  difficult  to  obtain  materials  for  making 
luch  an  unwieldy  calculation.  In  the  courfe  of 
thcfe  lectures  it  will  be  Ihewn,  that  divine  Pro^ 
vidence  has  provided  abundant  means  for  reftoring 
the  purity  of  the  air,  which  is  continually  injured 
by  combuftion,  refpiration,  fermentation,  and  other 
proceflcs. 

As  breathing  forms  fo  neceflary  and  impor- 
tant a  function  of  animal  life,  I  Ihall  now  endea- 
vour to  explain  the  organs  thereof:  you  will 
thence  perceive  with  what  wifdom  the  interior 
parts  of  your  body  are  difpofed ;  and  no  doubt 
warm  emotions  of  gratitude  and  adoration  will 
arife  in  your  mind  from  a  view  of  the  admirable 
mcchaniim,  and  inimitable  workmanfhip  difplayed 
in  ten  thoufand  aftonifhing  examples,  and  the 
cxquifite  wifdom  with  which  every  part  is  adapted 
to  it*s  peculiar  ufe;  among  thefe  we  may  reckon 
the  mechanifm  of  refpiration :  this  will  be  en- 
hanced when  you  confider  that  you  breathe  twenty 
times  every  minute,  or  1 200  times  in  an  hour,  and 
that  every  thing  is  ordered  by  divine  Providence^ 
that  nothing  happens  to  ftop  the  faculty  of  breath- 
ing when  we  eat,  or  drink,  or  fleep,  though  a 
thoufand  hurtful  things,  without  this  divine  or- 
dering, might  enter  the  windpipe,  which  would 
prove  inftant  death  :  for  the  food  which  enters  the 
gullet  paffes  over  the  windpipe,  which  is  fur- 
niftied  with  a  lid  or  valve.  When  any  food  ad- 
vances to  the  ftomach,  this  lid  is  pulled  down  and 
(hut  clofe;  but  the  moment  the.morfel  is  fwal- 
lowed,  it  inftindtively  opens,  and  leaves  the  paf- 
fage  free  for  the  neceffary  acceflion  of  air. 

Galen,  an  antient  and  celebrated  anatomift, 
obferves  in  his  treatifes  De  Ufa  Part.  lib.  iji. 
"  That  thofe  treatifes  which  difplay  the  tranf- 
ccndent  excellencies  of  the  great  Creator,  com- 
pofe  oi>e  of  the  tiobleji  and  moft  acceptable  hymns. 
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To  atquaint  ourfelvts  with  His  fublime  perfedions, 
and  jpoint  out  to  others  his  infinite  powtr — ^hU 
unerring  wifdom — his  boundlefs  benignity,  ii/*fayi 
he,  *'  in  my  opinion,  a  mott  fubftantial  aft  of  de- 
votion, than  to  flay  hecatombs  of  vidlirtis  at  his 
altar,  or  kindle  mountains  of  fpices  into  inccnfe." 
To  excite  this  fpirit  of  devotion  in  you,  1  proceed 
to  explain  fome  of  the  exquifite  contrivances  in 
the  human  frdme.  But  not  being  an  adept  in  the 
ftience  of  anatomy,  I  muft  hope  for  fome  candid 
indulgence  in  cafe  I  fliould  offend  againfl  precife 
anatomical  exa<5tnefs. 

The  lungs  are  two  vifcera  contained  in  the 
cavity  of  the  thorax  or  cheft>  and  are  there  fenced^ 
jlccording  to  Job's  expreflion,  with  bones  anijinews. 
The  ribs  being  turned  into  a  regular  arch,  are 
rtioveable  on  a  kind  of  center,  to  affift  the  ad  of 
refpirationi  and  form  a  fccure  lodgment  for  the 
heart  and  lungs,  two  of  the  moft  diftinguifhcd 
and  important  organs  of  life.  The  lungs  are  dif- 
tinguifhcd into  right  and  left,  having  a  broad 
bafis  below,  and  bcihg  terminated  above  by  an 
obtufc  point.  .The  rights  or  larger  lung,  is  di- 
vided into  three  lobes  ;  th^  left  or  fmallcr  into 
two.  The  internal  fabric  of  the  lungs  is  com- 
pofed  of  many  fmall  lobes  feparated  from  each 
other  by  intermediate  intervals;  which  intervals 
are  filled  with  a  loofe  cellular  fubflance,  through 
which  vefTels  are  diflributed.  The  fmaller  lobes 
are  fubdivided  into  IdFer  ones,  which  are  ftill 
compofed  of  others,  but  always  decreafing  in 
magnitude ;  terminating  at  laft  in  very  fmall  mem- 
branous cells  or  vcficles,  varioufly  figured,  and 
full  of  air,  communicating  on  all  fides  with  one 
another.  Keil  computed  the  number  of  thefe  ve- 
ficles  to  be  1744,000,000.  The  pulmonary  ar- 
tery and  the  pulmonary  veins  are  diflributed  by 
numerous    ramifications    throughout    the    whole 
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lungs^  the  fmalleft  veflels  encompaffing  each  ve* 
iicle  like  a  net. 

The  external  air  has  accefs  to  the  lungs  by 
the  trachea,  or  windpipe:  the  uppermoft  part  of. 
this  pipe,  called  the  larynx,  opens  into  the  throat 
by  an  aperture  called  the  epiglottis ^  and  communi*. 
Gates  with  the  atmofphere  by  the  mouth  and  nof- 
trils.     The  trachea  is  a  flexible  pipe,  compofcd 
of  a  feries  of  cartilaginous  rings  joined  by . jnufr 
cular  fibres,  and  lined  with  a  membrane.     This 
tube  defcemiing  into  the  lungs,  divides  and  rami- 
fies itfcif  in  company  with  the  numerous  branches  of 
the  pulmonary  artery,  and,  together  with  them  and 
the  veins,  fonii  the  fpuhgy  fubftance  called  the 
lungs. 

The  thorax  or  cheft,  in  which  the  lungs  are 
placed,  is  compofed  of  bones,  cartilages,  and 
mufcles,  fo  artfully  arranged,  that  it's  cavity  may 
he  cnlai^ed  or  diminiihed  at  pleafure.  This  is 
brought  about,  partly  by  the  elevation  of  the  ribs, 
partly  by  the  pulling  down  of  the  diaphragm,  or 
mufcular  partition  that  divides  the  cheft  from  the 
lower  belly. 

This  partition  naturally  bulges  convexly  up- 
wards, fo  as  to  encroach  confiderabjy  on  the  cavity 
of  the  thojcax ;  but  on  infpiration  from  a  convex, 
it  becomes  nearly  a  plain  furface,  and  thus  gives  a 
fpace  to  the  cheft,  which  it  takes  from  the  lower 
•  beUy. 

The  cavity  of  the  cheft,  may,  therefore,  be 
enlarged  in  two  different  diredlions :  by  the  ele- 
vation of  the  ribs  it  becomes  wider;  by  the  de- 
preffion  of  the  diaphragm  it  becomes  deeper. 

When  the  intercoftal  mufcles  elevate  the  cheft, 
and  when  the  diaphragm  is  drawn  downwards,  the 
cavity  of  the  thorax  is  enlarged,  and  the  air  within 
the  lungs  is  expanded  in  proportion  to  the  ac* 
quired  fpace.  This  air,  of  courfe,  becomes  rarer, 
L  4  and 
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and  fpecifically  lighter  than  it  was  before :  it  was 
then  in  equilibrio  with  the  atmofpherc ;  and  this 
equilibrium  being  removed  by  the  expanfion,  the 
external  air  enters  the  larynx,  and  flows  through 
all  the  branches  of  the  trachea,  reftoring  the  ba- 
lance between  the  ambient  air,  and  that  in  the 
lungs. 

Whether  the  cheft  is  fwelled  by  infpiration 
or  depreffed  by  expiration,  the  lungs  fill  the  whole 
cavity,  and  are  always  in  contadt  with  the  pleura, 
no  air  being  permitted  between  this  membrane  and 
the  external  furface  of  the  lungs ;  for  if  there 
was  the  lungs  could  not  poflibly  play,  as  this  air 
would  counterbalance  the  preffure  of  the  atmof- 
phere. 

So  many  organs  being  fubfervient  to  refpi- 
ration,  and  this  important  fundtion  being  per- 
formed by  means  of  fuch  curious  and  complicated 
mechanifm,  no  wonder  that  various  attempts  have 
been  made  to  explain  the  immediate  caufe  that  ex- 
cites this  function  :  but  the  fubjedl,  after  exhauft- 
ing  much  ingenuity,  remains  ftill  unexplained;  and 
the  moft  fkilful  anatomift  knows  no  more  than  the 
humble  peafant. 

All  that  is  known  amounts  only  to  this :  we 
have  a  fenfation  which  excites  us  to  expand  our 
cheft ;  the  adion  accompanies  the  inclination,  and 
the  air  flows  into  the  lungs.  When  enough  is  ad- 
mitted to  anfwer  the  purpofes  of  health,  we  feel 
an  equal  defire  of  expelling  it,  which  is  diredly 
followed  by  the  accompliihment  of  that  defire; 
and  thofe  alternate  feelings  are  conftantly  renewed 
and  gratified,  with  or  without  refledtion,  afleep  as 
well  as  awake,  while  life  continues. 

The  quantity  of  blood  which  is  poured  by  ten 
thoufand  ftreams  into  the  lungs,  is  exceeding  great; 
equal  to  (or  even  perhaps  greater  than)  that  which 
is  fent  in  the  fame  time  throughout  the  reft  of  the 
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body;    proving,  that  there  is   ibme  confiderable 
ufc  peculiar  to  this  vifcus.     Phyfiologifts  arc  not 
agreed  with  regard  to  all  the  ufcs  of  the  lungs,  or 
the  benefits  refulting  to  the  body  from  breathing ; 
fomc  of  thefe  arc  evident  and  undifputed.     The 
corrcfpondence  of  the  adrions  of  the  lungs  with 
thought  and  fpeech  cannot  be  doubted  ;  for  it  is 
by  their  means  the  voice  is  modulated,  and  that  we 
have  the  power  of  fpeech.     When  we  think  ta- 
citly we  breathe   tacitly;  when  we  think  deeply, 
we  breathe  deeply;  drawing  in  and  relaxing,  com- 
prefling,  and  elevating  the  lungs  according  to  the 
thought.     By  the  air  entering  the  noftrils,  and 
conveying  effluvia,  breathing  becomes  inftrumen- 
tal  to  the  fenfe  of  fmelling.     Every  thing  in  the 
body  is  fo  connected,  that  when  the  lungs  refpire 
all  and  every  thing  in  the  body  is  aftuated  by  the 
refpi ration  of  the  lungs,  and  the  pulfation  of  the 
heart ;  for  the  heart  is  joined  to  the  lungs  by  it's 
auricles,  and  alfo  all  the  vifcera  of  the  whole  body 
are  joined   by  ligaments   to   the   cavity  of  the 
breaft;   and  that  in  fuch  manner,   that  all  and 
every  part  is  affedted  by  the  refpiratory  motion. 
When  the  lungs  are  inflated,  and  the  thorax  ex- 
panded by  the  ribs,  the  pleura  is  alfo  dilated,  and 
the  diaphragm  preffed  downward  ;  and  with  thefc 
all  the  inferior  parts  of  the  body,  which  are  con- 
ncdcd  to  them  by  ligaments,  receive  fome  adtion 
from  the  adion  of  the  lungs  ;  the  alternations  of 
refpiration  entering  or  affecting  the  inmoft  recefles 
of  the  vifcera.     There  is  a  perfedi  conjundion  of 
the  motion  of  the  heart  and  lungs  wifh  all  and 
every  part  of  the  body :  to  render  this  conjunction 
more  complete,  the  heart  itfclf  is  alfo  in  the  pul- 
monary motion,  lying  in  the  bofom  of  the  lungs, 
adhering  to  them  by  it's  auricles,  and  refting  upon 
the  diaphragm,  from  which  alfo  it's  arteries  par- 
ticipate of  the  pulmonary  motion.     The  ftate  of 
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the  lungs  depends  alfo  upon  the  blood  from  the 
heart ;  tor  when  the  indui  of  blood  ccafes,  refpU 
ration  ceafes. 

There  is  a  mofl  intimate  conne<5l:ion  be- 
tween the  aft  of  refpiring  and  the  circulation  of 
the  blood.  When  rttpiration  is  for  a  fhort  time 
interrupted  by  the  furnes  of  burning  fulphur,  by 
mephitic  air,  or  bv  rcmiiining  fome  minutes  un- 
der the  ^ater,  the  aciion  cf  the  heart  ceafes :  but, 
in  many  cafes  of  this  kind,  the  motion  of  the 
heart  mav,  and  frequenrly  has  been  renewed,  by 
blowing  air  in:o  the  lungs,  ice.  In  perfons  feem- 
ipuly  dead,  from  a  lufpeniion  of  refpiration,  if  the 
luniTS  can  be  expired  to  acl,  the  motion  of  the  heart 
inllaniiv  con^merxes,  the  circulation  of  the  blood 
is  rcftortr.^,  and  life  recovered. 

Tne  bIcoJ  of  the  heart  is  purified  in  the  lungs 
from  thir.rs  indigrlled,  and  attrads  from  the  air 
a  r.cc<:::-r%    noi;ri:hm?Rr.      This  is  evident,  not 
or.lv  from  the  ianux  of  the  blood,  which  is  ve- 
nor'v,  and  coniCvTucnrlv  replete  and  recruited  with 
chi  'v^  •^ollcfied  from  tcod  and  drink,  and  therefore 
irnoiiaiif.rd  in  this  ftate  to  perform  the  vital  toun 
k  is  evident  alfo,  from  the  expirations  which  are 
hrn.id,  and  often  manirclt   their  operation  from 
the  ir  cJnr;  the  effluvia  thus  exhaled  being  fo  cor- 
ninrcd,  that  they  would  prove  fatal  if  retained  in 
the  hmjrs,  or  if  breathed  by  other  animals;  and 
further,  from  the  diminiOied  quantity  of  blood  re- 
turned  into  the  left  ventricle  of  the  heart.     That 
the  blood  attrads  from  the  air  a  fuiuble  nourifti- 
inent.  is  evident  from  the  vaft  quantity  of  exha- 
md  effluvia  with  which  it  is  impregnated, 
ch  flow  into  the  lungs   with  it:   in  the 
ells  of  this  amazing  laboratory  it  imbibes 
icnce  of   the  external  air.     Hence  it  is 
:he  air-cells,  or  inmoft  part  of  the  lungs,  ' 
c  in  great  abundance  fmall   veins  with 
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mouths,  which  abforb  fuch  things  ;  and  alfo  that 
the  blood  returned  into  the  lett  ventricle  of  the 
hart  is  chained  into  arterial  blood,  and  becomes 
florid  J  proving  that  the  blood  is  .here  purified 
from  things  heterogeneous,  and  nouriflied  with 
things  homogeneous.*  » 

Rcfpiration  gives  rife  to  many  other  fundlions 
of  the  animal  oeconomy.  All  animals  furnilhed 
with  lungs  exprefs  their  wants,  their  affedlions, 
and  averfions ;  their  pleafures  and  pains,  either  by 
words  or  by  founds  peculiar  to  each  fpecics :  thefe 
different  founds  are  produced  by  ftraitening  or 
widening  the  windpipe,  or  the  paflage  through 
which  the  air  paffes  in  refpiration.  The  inferior 
animals  are  by  this  enabled  to  exprefs  thenifclvcs 
in  fuch  manner  as  to  be  intelligible  to  every  indi- 
vidual of  the  fpecies. 

To  man  alone  divine  Providence  has  given 
the  gift  of  fpeech,  the  means  of  cxpreffing  his 
various  feelings  and  ideas,  by  regular,  extenfive, 
and  eftablilhed  combination  of  articulate  founds. 
Speech  is  performed  by  a  very  various  and  com- 
plicated machinery.  In  fpeaking,  the  tongue,  the 
lips,  the  jaws,  the  whole  palate,  the  nofc,  the 
throat,  together  with  the  mufcles,  bones,  &c.  of 
w  hich-  thofe  organs  are  compofed,  are  all  employed 
to  modulate  the  founds  and  form  the  voice,  and 
produce  fpeech,  which  procures  to  us  fuch  innu- 
merable benefits.  This  combination  of  organs 
we  are  taught  to  ufe  when  fo  young,  that  we  arc 
hardly  confcious  of  the  laborious  talk,  and  f^^r  left 

of 

♦  Dicmcrbroc9+  mentions  finding  dud  in  the  vcficulae  of  the 
lungs  of  two  aflhinatic  perfons  that  he  opened  :  one  a  ftonc- 
Cutter's  man,  the  veficulas  of  whofe  lungs  were  fo  ftuffcd  with^ 
duft,  that,  in  cutting,  his  knife  went  as  if  through  a  heap  of  fand. 
TUc  other  was  a  fwihcr-driver,  who  had  thcfe  bladders  filled 
with  the  fine  <i||M||yDwn  of  feathers. 

f  Derham'A^^^^^Kj^logy,  Logographic  edit.  p.  31 1. 
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of  the  manner  by  which  wc  pronounce  different 
words  and  letters. 

It  is  from  God  alone  that  man  has  the  fa- 
culty of  fj>ecch,  the  power  of  articulating  his 
voice,  and  of  giving  it  a  variety  of  diftJndl  founds 
at  his  own  will  and  choice.  It  is  he  alone  who 
provided  man  with  the  inftruments  by  which  he 
fo  articulates ;  who  formed  the  human  mouth  and 
tongue  to  be  much  more  pliant,  moveable,  and 
flexible  than  the  fame  parts  of  other  animals.  It 
is  HE  who  furniftied  thofe  immediate  organs  of 
fpeech  in  man,  with  peculiar  mufcles,  by  which 
he  can  give  to  his  mouth  any  degree  of  aperture 
and  curvature;  and  to  his  tongue,  any  kind  of 
flexure  he  pleafes,  by  an  application  of  this  agile 
member  to  any  part  within  it's  fphere  and  motion. 

Abfurd,  indeed,  is  the  idea  of  thofe  who 
embrace  the  idea  of  Diodorus  Siculus,  "  That  the 
firft  men  lived  for  fome  time  in  woods  and  caves, 
after  the  manner  of  beafts,  uttering  only  confufed 
founds.**  It  is  hardly  poflible  for  any  man  to  form 
a  judgment  more  contrary  to  the  nature  of  things : 
for  does  not  the  nature  of  almoft  all  animals,  beafts, 
and  birds  Ihew  us,  that  they  have  a  natural  un- 
taught language,  not  confifting  of  confufed  founds^ 
but  altogether  diftinA,  by  an  articulate  difference, 
and  highly  intelligible  to  every  one  of  the  fame 
fpecies  ?  If,  therefore,  the  nature  of  things  will 
allow  us  to  fuppofe  that  man  was  created  as  per- 
fect in  his  kind,  as  the  animals  were  in  their's, 
then  the  nature  of  things  will  oblige  us  to  af- 
firm, that  the  firft  men  had  from  nature  an  un- 
taught language,  as  fuitable  to  their  nature,  as 
ufeful^  as  diftind,  and  intelligible  to  themfelvcs, 
as  that  of  beafts  or  birds  is  to  them,  in  their  fe- 
veral  kinds.  The  language  of  every  creature  is 
natural,  not'  taught;  it  is  as  much  the  effect  of 
iVs  whole  nature^  the  joint  operation  of  it's  foul, 
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Ipirit,  and  body,  as  it's  life  is ;  and  is  articulate,  or 
not  articulate,  good  or  evil,  harmonious  or  horri- 
ble, juft  as  the  life  of  the  creature  poffeffes  more  or 
lefs  of  a  celeftial  or  earthly  harmony.  The  whole 
philofophy  of  the  language  of  all  creatures,  whether 
ia  heaven,  on  earth,  or  in  hell,  is  to  be  found  in 
thefe  words  of  our  God  and  Saviour,  That  out  of 
the  abundance  of  the  heart  the  mouth  fpeaketh. 

If  mankind  had  not  a  natural  language,  they 
could  never  have  invented  an  artificial,  by  their 
reafon  and  ingenuity;  for  all  artificial  language 
fuppofes  fome  compad  or  agreement  to  affix  a 
certain  meaning  to  certain  figns :  therefore,  there 
muft  be  compadis  or  agreements  before  the  ufe  of 
artificial  figns ;  but  there  can  be  no  compaA  or 
agreement  without  figns,  nor  without  language ; 
and  therefore  there  muft  be  a  natural  language  be- 
fore any  artificial  language  can  be  invented.* 

Refpiration  is  concerned  when  we  laugh ;  for 
to  do  this  we  make  a  full  infpiration,  which  is 
fucceeded  by  frequently  interrupted  and  fonorous 
expirations.  When  the  titillation  and  confequent 
cxpulfive  expirations  are  great,  whether  they  arife 
from  the  mind  or  body,  they  interrupt  the  breath- 
ing to  fuch  a  degree  as  to  endanger  futfocation. 
Moderate  laughing  promotes  health,  by  agitating 
the  whole  body  :  it  quickens  the  circulation  of  the 
blood,  gives  cheerfulnefs  to  the  countenance,  and 
banifties  anxiety  from  the  mind. 

We  employ  nearly  the  fame  organs  in  weep- 
ing as  in  laughing :  it  commences  With  a  deep  in- 
fpiration, which  is  fucceeded  by  fliort^  broken,  fo-^ 
norous,  and  difagreeable  expirations.  The  refpi- 
ratory  organs  are  necefliry  in  the  adls  of  cough- 
ing, iheezing,  yawtiing,  finging,  fighing,  and  many 
other  adts  of  the  animal  ceconomy. 

By 

^  Reid's  Inquiry  into  the  Human  Mind,  p.  93. 
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By  refpiration  odours  arc  conveyed  to  the 
nofe.  You  will  find  from  obfervation  that  all 
animal  and  vegetable  bodies,  and  probably  all  or 
ntoft  other  bodies  expofcd  to  the  air,  are  continu- 
ally fending  forth  very  fubtle  effluvia  in  their  va- 
rious ftates  of  life,  and  growth,  fermentation,  and 
putrefadion.  The  fmell  of  plants,  and  of  other 
bodies,  is  caufed  by  thefe  volatile  parts,  and  are 
fmelled  wherever  they  are  fcattercd  in  the  air. 
The  acutencfs  of  this  fenfe  in  fome  animals  fhews 
that  thefe  effluvia  fpread  far,  and  muft  be  incon- 
ceivably fubtil,  Thefe  effluvia  are  drawn  into  the 
noftrils  along  with  the  air,  which  is  continually 
palling  through  them  in  infpiration  and  expi- 
ration. 

We  are  informed  by  anatom ids  ^  that  the 
membrane  pituaturia,  and  the  olfadory  nerves, 
which  arc  diltributed  to  the  villous  parts  of  this 
membrane,  are  the  organs  deftined  by  divine  Pro- 
vidence for  this  fenfe  :  fo  that  when  a  body  emits 
no  effluvia,  or  when  they  do  not  enter  into  the 
nofe;  or  when  the  pituary  membrane,  or  olfac- 
tory nerves  are  rendered  unfit  to  perform  their  of- 
fice, it  cannot  be  fmelled. 

You  M  ill  oblerve  that,  notwithftanding  thefe 
mechanical  inftruments,  it  is  evident  that  neither 
the   organ  of   fmell,   nor  the   medium,  nor  any 
motions  we  can  conceive,  excited  in  the  above- 
-mentioned  parts,     or    in    the    nerve  or  animal 
dfpirits,  do  in  the  leaft  refemble  the  fenfation  of 
fmelling.     It  is  impoflible  to  conceive  or  believe 
to  exift  of  itfelf  without  a  mind,  or  fome- 
Lt  has  the  power  of  fmelling,  and  of  which 
led  a  fenfation,  an  operation,  or  feeling, 
jity  of  fmelling  is  fomething  very  dif- 
om  the  fenfe  of  fmelliftg;  for  the  faculty 
ain  when  you  have  no  fenfation,  and  the 
no  lefs  difterent  from  the  faculty,  for  it 

continues ' 
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continues  the  fame  individual  being  when  that  fa- 
culty is  loft. 

I  fhail  now  Ihew  you  the  divine  wifdom  ma- 
nifefted  by  adapting  the  organs  of  different  crea- 
tures to  their  particular  ftates  of  receiving,  re-, 
fpiring,  &c.  the  airland  I  (hall  proceed  to  lay  before 
you  one   or  two   remarkable    inftances. '     Thus, 
though  birds  rcfpire  by  means  of  lungs,  yet  are 
they  fo  conftrucled  that  the  air  is  tranfmitted  to 
almoft  every  part  of  their  bodies.     The  lungs  of 
birds  are  fo  firmly  attached  to  the  diaphragm^  the 
ribs,  the  fide,  and  the  vertebrse,  that  they  can  ad- 
mit of  very  little  dilation  or  contradion.     Inftead 
of  being  impervious,  the  fubftance  of  the  lungs, 
as  well  as  of  the  diaphragm,  to  which  they  ad- 
here,   is  perforated  with  many  holes  of  paifages 
for  the  tranfmifTion  of  air  to  the  other  parts  of  the 
body :    to   each  of  thefe   perforations  a  diftindt 
membranous  bag  is  joined  ;  thcfe  bags  are  ex- 
tremely thin  and  tranfparcnt;  they  extend  through 
the  whole  of  the  abdomen,  are  attached  to  the 
back  and  fides  of  that  cavity,  and  each  of  them 
receives  air  from  their  refpedtive  openings  into  the 
lungs.     The  cells  in  which  birds  receive  air  from 
the  lungs  are  found  not  only  in  the  foft  parts,  but 
in  the  bones.  ^ 

Mr.  John  Hunter  has  made  a  variety  of  expe- 
riments to  difcover  the  ufeof  this  general  diffuiion 
of  air  through  the  bodies  of  birds ;  and  from 
thcfe  we  find,  that  it  prevents  their  refpiration 
from  being  flopped  or  interrupted  by  the  rapidity 
of  their  motion  through  a  rcfiiting  medium.  The 
refiftance  of  the  air  incrcafes  in  proportion  to  the 
celerity  of  the  motion :  were  it  poflible  for  a  fl^an 
to  move  with  a  fwifcnefs  equal  to  that  of  a  fwal- 
low,  the  refiftance  of  the  air,  as  he  is  nox  provided 
vith  refervoirs  fimilar  to  thofc  of  birds,  would 
joon  fujfocatc  hmu 
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Cetaceous  fiflies  refpire  like  man,  by  means 
of  lungs,  and  are,  of  courfe,  obliged  at  certain  in- 
tervals to  come  to  the  furface,  in  order  to  throw 
out  the  former  air,  and  to  take  in  a  frefh  fupply. 
Other  fpecies  of  fifli  are  furnifhed  with  gills  in- 
ftead  •  of  lungs,  through  which  they  refpire  both 
water  and  air ;  for  air  is  univerfally  difFufed  or 
mixed  with  every  portion  of  water ;  befides  this, 
however,  it  is  neceflary  that  the  water  in  which 
they  fwim,  Ihould  have  a  free  communication  with 
the  air ;  for  they  cannot  live  long,  if  deprived  of 
this  vivifying  element. 

Infedls  are  not  furniflied  with  lungs  fimilar  to 
thofe  of  men,  quadrupeds,  &c.  but  as  the  tranf- 
miflion  of  air  into  their  bodies,  is  neceflary  for 
continuing  the  principle  of  life,  they  are  furnifhed 
with  peculiar  inftruments  and  apparatus  for  this 
indifpenfible  purpofe.  For  a  defcription  of  thefe 
I  muft  refer  you  to  my  Eflays  on  the  Microfcope ; 
reciting  only  one  inftance,  that  of  the  larva  of  the 
mufca  pendula,  Lin.  as  defcribed  by  a  very  inge- 
nious naturalift. 

Being  out  on  an  excurfion  with  fome  friends, 
they  were  ftruck  with  the  appearance  of  a  little 
puddle  of  reddilh  water,  the  furface  of  which  was 
in  continual  motion.  On  taking  up  fome  of  this 
water  they  found  a  number  of  dirty  fhapelefs 
animals,  which  had  much  the  appearance  of  com- 
mon maggots,  but  much  uglier ;  they  were  brown, 
thick,  fhort,and  furnifhed  with  tails.  *'  I  ordered 
them,**  fays  our  naturalifl,  ''  to  be  laid  down  on 
the  grafs,  and  difpatched  a  fervant  for  fome  clear 
water,  and  then  began  to  explain  thtir  nature,  ori- 
gin, and  properties. 

"  I  had  often  informed  my  companions  that 
none  of  the  winged  infefts  were  hatched  from  the 
egg,  but  that  they  were  all  firfl  produced  in  the 
form  of  worms,  maggots^  or  caterpillars;  or,  in 
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oAcf  words^  covered  with  fkins^  under  which  they 

liye^  move,  and  eat,  with  the  appearance  of  animals 

very  different  from  their  parents :  they  were  not 

therefore  furprized,  when  I  informed  them,  that 

the  creatures  before  us  were  not  in  their  ultimate 

(late,  but  were  the  produce  of  the  bee-fly  (mu/ca 

pendula.)    This  fly  is  inftru<9:ed  by  the  univerfal 

Guide  and  Guardian  of  Nature,  to  lay  it's  egjgs 

about  the  edges  of  the  water.     It's  young,  while 

in  the  worm  ftate,  are  to  live  and  feed  in  the 

water ;  but  the  female  cannot  depofit  her  eggs  in 

that  element,  without  periftiing  in  the  attempt: 

Ihe  lays  them  on  dry  land,  near  the  place  proper 

for  the  refidence  of  her  young,  who  are  inftruded 

by  the  fame  guide  to  make  their  way  to  the  water ; 

and,  finally,  when  they  have  acquired  their  full 

growth,  and  the  animal  is  ready  to  burft  forth  into 

a  new  life,  and  enjoy  the  regions  of  the  air,  it 

again  quits  the  water,  that  this  great  event  may  be 

performed  at  land. 

**  The  fervant  being  returned  with  fome  water, 
he  obferved,  that  though  refpiration  is  neceffary 
to  all  animal  life,  yet  it  is  varioufly  performed  in 
the  feveral  fpecies;  and  that,  while  man  and  the 
generality  of  other  animals  refpired  by  the  mouth, 
this  creature  refpired  by  the  tail. 

*'  The  infedts  we  were  examining  were  about 
half  an  inch  long,  and  their  tails  near  an  inch. 
The  water  in  the  glafs  was  proportioned  at  firft  to 
this  meafure  in  depth :  on  throwing  fome  of  the 
infeds  into  it,  their  bodies  naturally  funk  with 
the  head  downwards;  and,  while  they  fcemed 
fcarching  after  food  about  the  bottom,  the  extre- 
mities of  their  tails  were  fecn  juft  above  the  water, 
and  in  continual  motion, 

*'  My  companions,  who  have  long  fmce  learnt 

lb  make  every  obfervation  of  this  kind  a  fource 

of  adoration  to  the  fupreme  Creator,  Difpofer,  and 

Vot.  I,  M    •  Prcferver 
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Preferver  of  all  things,  were  admiring  the  care  fcf 
his  providence,  in  contriving  thus  amazingly  that 
a  poor  creature  Ihould  not  be  fufFocated  while  it 
fed.  I  ordered  a  pint  more  water  to  be  thrown 
into  the  glafs,  and  they  all  cried  out  againft  my 
deftroying  thcfe  unfortunate  animals;  but  their 
admiration  was  raifed  much  higher  than  before, 
when  1  told  them  they  would  receive  no  harm,  for 
they  had  a  power  of  lengthening  their  tail  about 
an  inch;  but  that  they  were  jiQt  left  without  means 
of  life  in  a  much  greater  depth  of  water.  On 
adding  a  quart  more  water,  it  was  foon. found  that 
the  apparent  tail  of  the  infed  was  a  mere  tube, 
containing  within  it  another  much  fmaller,  yet 
fufficiently  large  for  to  convey  all  the  air  that  was 
neceflary  to  this  animal ;  a  fine  flender  pipe  being 
darted  up  out  of  this,  and  extended  to  the  new 
furface  :  on  railing  the  water  two  inches  higher, 
the  pipe  was  lengthened  as  far  as  was  neceflary, 
and  fo  on  till  the  limits  of  the  glafs  fufFered  us  to 
carry  the  experiment  no  further." 


LECTURE    V. 
Of  Sound. 

FROM  explaining  the  efficacy  and  adlion  of 
air  in  refpiration,  &c.  1  proceed  to  bring  you 
acquainted  with  it's  agency  in  producing  found* 
I'he  fenfe  of  hearings  by  which  v/e  receive  founds, 
adds  infinitely  to  our  happinefs  :  it  opens  to  us  a 
wide  field  of  picafure  ;  though  it  is  lefs  extenfive 
in  it's  range  than  that  of  fight,  yet  it  frequendy 
funnounts  obfl:aclcs  that  are  impervious  to  the  eye, 
and  communicates  information  of  the  utmoft  im- 
portance, which  would  otherwife  efcape  from,  and 
be  loll  to  the  mind. 

Sound, 
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Sounds  by  if  s  divergence,  extends  in  every 
dircdlion,  vifiting  a  thoufand  with  the  fame  eafe 
as  one  individual ;  freely  communicating  it*s  tid- 
ings wherever  attention  excites  an  auditory.  Every 
one  feels  that  mufical  founds  are  pleafing  to  the 
fcnfitive  foul ;    I  mean  not  here  the  harmony  of 
founds,  for  the  rational  mind  only  can  be  fenfible 
of  thefe :  I  mean  fuch  limple  founds  as  are  tune- 
ful; cfpecially  the  clear,  the /mooth,  and  the  lively. 
You  know  that  many  fpecies  of  the  fmaller 
winged  tribes  take  fo  much  pleafure  in  founds  of 
this  kind  ftriking  grateful  on  their  ear,  and  exhi- 
larating their  fpirits,  that  to  give  themfelvcs  this 
pleafure,  feems  to  employ  the  greater  part  of  their 
wakeful  hours,  and  to  conftitute  the  principal  en- 
joyment  of  their  lives.      They   are   endued   by 
Divine  Providence  with  the  power  of  forming  and 
uttering  thofe  delightful  founds  5  and  he  has  been 
fo  liberal  in  this  blefling,  that  the  air  in  every  wood 
and  grove  is  filled  with  their  various  and  artlefs 
melody  :  nor  can  imagination,  perhaps,  ever  con- 
ceive any  thing  more  delightful^  than  to  have  all 
the  fongfters  of  the   grove  collected  under   the 
beam  of  the  breaking-out  fun,  and  pouring  forth 
the  fenlations  of  their  hearts  in  a  profulion  of  wild 
and  complicated  melody. 

The  metaphyfician  confiders  the  idea  of  found 
in  the  mind:  the  anatomift  defcribes  the  im- 
preflion  it;  makes  upon  the  ear,  and  the  manner  in 
which  it  is  conveyed  from  thence  to  the  brain: 
the  natural  philofopher  invcftigates  it  in  the  fub- 
ftance  where  it  is  produced,  and  in  the  medium 
by  which  it  is  conveyed  to  the  ear.  The  favage 
cannot  comprehend  how  we  can  convey  our 
thoughts  to  one  another  by  writing ;  the  communi- 
cation thereof  by  founds  would  appear  as  won- 
derful to  us,  but  that  we  fall  into  it  before  we 
ivAQW  what  wonder  is;  that  is,  before  we  have 

M  %  ^  gained 
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gained  any  experience  to  which  new  appearances  may 
feem  repugnant. 

Sound  arifes  from  a  vibratory  or  tremulous 
motion,  produced  by  a  ftroke  on  a  fonorous  body; 
which  motion  it  communicates  to  the  furroundiDgt 
medium,  which  carries  the  impreflion  forward  toi 
the  ear,  and  there  produces  it's  fenfation.  In 
other  words,  found  is  the  fenfation  arifing  from  tho 
impreflion  made  by  a  fonorous  body  upon  air,  or  wa-^ 
ter,  &c.  and  carried  along  by  cither  fluid  to  the  can 

Three  things  are  therefore  neceflfary  to  the' 
production  of  found:  i.  A  fonorous  body  to  give 
the  impreflion ;  2.  A  medium  to  convey  it  as  % 
vehicle;  3.  The  ear  to  receive  the  impreflion. 

Stridtly  fpcaking,  fonorous  bodies  arc  thofc 
whofe  founds'  are  diftind,  comparable  with  each 
other,  and  of  fome  duration ;  fuch  as  thofe  of  a 
bell,  a  cord  of  a  violin,  and  not  fuch  as  give  only 
a  confufed  noife ;  as  that  made  by  a  ftonc  railing  on 
the  pavement:  to  be  fonorous,  a  body  muft  be 
elafl:ic  ;  one  whofe  parts  are  capable  of  a  vibratory 
motion  when  they  arc  forcibly  ftruck  by  any  kind 
of  pleArum. 

♦Gold,  filver,  copper,  and  iron,  which  are 
elaftic  metals,  are  alfo  fonorous ;  but  lead,  which 
is  unelafl:ic,  gives  no  found.  Tin,  which  in  itfelf 
has  very  little  more  found  than  lead,  highly  im- 
proves the  tone  of  copper,  when  mixed  with  it. 
Bell-metal  is  formed  of  ten  parts  copper,  and  one 
of  tin.  Each  of  thefe  is  dudilc  when  feparate, 
though  tin  is  only  fo  in  a  fmall  degree,  yet  form 
a  third  fubftance  almoft  as  brittle  as  glafs.  So 
wonderful  is  the  power  of  tin  in  this  refpect,  that 
even  the  vapour  of  it,  when  in  fufion,  will  give 
brittlenefe  to  gold  and  (ilvcr,  the  moft  duiftile  of 
all  metals. 

The  clajfes  of  fonorous  bodies  arc  chiefly  thefe 

three ; 
^  Jones*s  PhyfiOlogical  Difcjui  Gtions,  p.  293, 
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three  :   i*  Bells  of  various  figures  and  magnitudes; 

of  Xhefc,  tfK>fe  that  are  formed  of  glafs  have  the 

mofl:   pure  and  elegant  tone;  and  as  glafs  is  very 

elaftic    the  found  thereof  is  powerful:    2.  Pipes 

of  wood  or  metal :  thefe,  by  means  of  a  vibrating 

plate   of  metal,  to  perform  the  office  of  a  larynx, 

TcoLy  be  fo  conftruded  as  nearly  to  imitate   the 

huinan  voice :  3.  Strings,  formed  either  of  me- 

cadlic  OT  animal  fubftances.     The  founds  they  give 

arc  moie  grave  or  more  acute,  according  to  the 

thicknefs,  length,  and  tenfion  of  the  firings:  when 

fir-wood, which,from  it's  fibrous  conftru(ftion,is  very 

claftic,  is  combined  with  ftrings  ;  or,  when  firings 

arc  ^itated  by  horfe-hair,  theefFedt  and  powcfs  of 

one  ibnorous  body  are  aflifled  by  another. 

Air  is  univerfaily  allowed  to  be  the  ordinary 
medium  of  found ;  the  medium  by  which  founds 
are  propagated  from  fonorous  bodies,  and  com- 
municated to  the  ear :  this  we  Ihall  ealily  prove 
by  an  experiment  on  the  air-pump.      1  include 
this  bell  within  the  receiver,  which,  while  full  of 
commcm  air,  founds  nearly  as  well  as  before.     I 
fltaH  now  work  the  pump,  and  you  will  perceive 
that  the  found  diminifties  in  proportion  to  the  de- 
gree of  the  exhauftion  ;  fo  much  fo,  that  when  the 
air  is  nearly  extradled,  the  found  is  almoft  loft. 
An  objedtioa  has  been  made  to  the  conclufion  we 
have  drawn  from  this  experiment ;  namely,  that 
when  the  air  is  exhaufted  from  within,  the  preflure 
from  the  incumbent  air  on  the  exterior  furface 
will  prevent  the  tranfmifTion  of  the  found,  in  the 
fame  manner  as  a  body  is  prevented  from  found- 
ing, by  fuftaining  a  preffure  on  any  part  of  it. 
But  this  objedtion  has  been  well  obviated  ;  for  if 
the  air  in  the  receiver  be  condenfed,  inftead  of 
being  exhaufted,  the  found  fofar  from  being  extin- 
guilhed  will  be  increafed,  though  there  is  as  great 
an  inequality  of  preflTure  on  the  tuo  furfaccs  in 

M  3.^  '  this 
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this  cafe  as  in  the  former.  Hawkfbee  has  fhcwiij 
by  a  feries  of  well-condudled  experiments,  that 
air  is  propagated  further  by  denfe  than  by  rarificd 
air ;  and  that  air  as  denfe  again  as  common  air 
will  convey  found  twice  as  far;  and  thence  con- 
cludes that  found  is  increafed,  not  only  in  a  dircd 
ratio  of  the  denfity  of  the  air,  but  as  the  fquarc  of 
the  denfity.  M.  Briflbn  has  (hewn,  that  if  4  fo- 
norous  body  be  placed  in  an  elaftic  fluid,  whofc 
denfity  is  greater  than  that  of  common  air,  that 
the  found  would  be  much  ftronger  in  the  fluid 
than  in  the  air :  his  experiment  was  made  with  the 
gas  ac'tde  carbonique. 

But  though  air  is  the  general  vehicle  of  found, 
yet  found  will  go  where  no  air  can  convey  it :  thus, 
the  fcratching  a  pin  at  one  end  of  a  long  piece  of 
timber,  may  be  heard  by  a'n  ear  applied  near  the 
other  end,  though  it  could  not  be  heard  at  the 
fame  difl:ance  through  the  air;  and  two  ftones 
being  fl:ruck  together  under  water,  may  be  heard 
at  a  much  greater  difl:ance  by  an  ear  placed  under 
water  in  the*  fame  river,  than  it  can  be  heard 
through  the  air;  Dr.  Franklin  thinks  he  has  heard 
it  a  mile.  Thefe  eflfeds  mufl:  be  owing  to  the  in- 
tervention of  fome  caufe  more  moveable  and  pow- 
erful than  air  itfelf. 

When  any  elafl:ic  body  is  fl:ruck,  that  body,  or 
fome  part  of  it,  is  made  to  vibrate.  This  is  evi- 
dent to  fenfe  in  the  fl:ring  of  a  violin  or  harpfi- 
chord ;  for  you  may  perceive  by  the  eye,  or  feel 
by  the  hand,  the  trembling  of  the  firings,  when  by 
ftriking  t^hem  they  are  thereby  made  to  found. ' 

If  a  bell  is  fl:ruck  by  the  clapper  on  the 
infide  the  bell  is  made  to  vibrate:  the  bafe  of 
the  bell  is  a  circle ;  but,  by  ftriking  any  part  of 
this  circle  on  the  infide  that  part  flies  out ;  fo  thai 
the  diameter  which  paffes  through  this  part  of  the 
circular  bafe,  will  be  longer  than  the  other  dia- 
meter. 
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ttcter.  The  bafe,  by  the  ftroke,  is  changed  into 
ui  oval,  whofe  longer  axis  pafles  through  the  part 
igainft  which  the  clapper  ftruck :  the  elafticity  of 
the  bell  reftorcs  the  figure  of  the  bafe,  and  makes 
the  part  which  was  forced  out  of  it's  place  return 
back  to<it's  former  fituation;  from  whence  the 
feme  principle  throws  it  out  again;  fo  that  the 
circular  figure  of  the  bafe  will  again  be  changed 
intd  an  oval ;  only  now  the  Ihorter  axis  will  pafs 
through  the  part  that  was  firft  ftruck. 

The  fame  ftroke  which  makes  the  bell  vibrate 
eccafions  the  found ;  as  the  vibrations  decay  the 
found  grows  weaker.     Your  fenfes  will  convince 
you  that  the  parts  of  the  bell  are  in  a  vibratory 
motion:  if  you  lay  your  hand  gently  thereon,  you 
will  feel  this  tremulous  motion  ;  or  if  you   throw 
finall  jiieces  of  paper  on   the  bell,  the  jarring 
thereof  will  put  them  in  motipn,     Thefe  vibra- 
tions caufe  fimiUr  undulations  in  the  air  j  and  as 
the  motions  of  one  fluid  may  often  be  illuftrated 
by  the  motions  of  another,  the  invifible  motions 
of  the  air  have  been  not  unaptly  compared  to  the 
vifiWe  waves  of  water,  when  fuddenly  produced 
by  throwing  a  ftone  therein.     Thefe  waves  fpread 
themfelves  in  all  diredlions  in  concentric  circles, 
whofe  common  center  is  the  fpot  where  the  ftone 
fell ;  and  when  they  ftrikc  againft  a  bank,  or  any 
other  obftacle,  they  return  in  the  contrary  direc- 
tion to  the  place  from  whence  they  proceeded. 
Sound  expands  in  like  manner  in  every  diredion, 
and  the  extent  of  it's  progrefs  r&  in  proportion  to 
the  impulfe  on  the  vibrating  cord  or  belK     Such 
is  the  yielding  nature  of  fluids,  that  when  other 
waves  are  generated  near  the  firft  waves,  and  others 
again  near  to  thefe,  they  will  all  perform  their 
courfes  amongft  each  other  without  interruption  ; 
thofe  that  are  coming  back  will  pafs  by  thofe  that 
are  going  forward,  or  even  through  them :  thus, 
.     M4  if 
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if  you  throw  a  (lone  into  a  pond^  and  immediately 
after  another,  and  then  a  third,  you  will  perceive 
that  their  refpedive  circles  will  proceed  without 
interruption,  and  ftrikc  the  fhore  in  regular  fuc- 
ceffion.  The  atmofpherc  in  the  fame  manner  pof- 
feffes  the  faculty  of  conveying  founds  in  the  mdt 
rapid  fucceflion  or  combination,  as  diftindly  as 
they  were  produced*  It  poflefles  the  power,  not 
only  of  receiving  and  propagating  fimple  and 
compound  vibrations  in  dired:  lines  from  the 
voice  or  inftniment,  but  of  retaining  and  repeal- 
ing founds  with  equal  fidelity,  after  repeated  in- 
flexion and  reverberation,  as  you  may  be  cafily 
convinced  by  the  found  of  a  French-horn  among 
hills. 

A  familiar  and  eafy  experiment  (hews  the 
vibratory  motion  that  produces  found.  Take  a 
common  poker,  and  tying  on  a  garter  at  top,  fo 
that  both  ends  of  the  garter  may  be  left  at  liberty: 
roll  thefe  round  the  fim  finger  of  each  hand,  and 
flop  the  ears  clofe  with  thefe  fingers;  ftrike  the 
poker  againft  any  hard  fubftance,  and  you  will 
hear  an  anuzing  deep  tone,  fcarcely  equalled  by 
the  largeft  and  deepeft  bell. 

Here  is  a  drinking-glafs  nearly  filled  with 
water  which  gives  a  fweet  ringing  found  :  on  my 
rubbing  the  top  of  my  finger  with  a  gentle 
equable  motion  along  the  rim,  the  furface  of  the 
water  is  fretted  and  curdled  into  the  fineft  waves 
by  the  undulations  of  the  air  ;  yet  fuch  is  the  na- 
ture of  thefe  undulations,  that  the  flame  of  a 
candle  is  not  vifibly  agiuted  when  placed  near  a 
fonorous  body  of  the  largeft  magnitude.  It  docs 
not  appear  that  thefe  undulations  produce  any  pro- 
greflive  flux  of  the  particles  of  air,  but  that  they 
proceed  from  a  vibratory  motion  of  thefe  parti- 
cles in  their  proper  places;  fo  that  the  motion 
producing  found  is  not  fimilar  to  that  of  wind;  yet 

2  the 


Digitized  byCjOOQlC' 


NxTUkt  ANt>  Pa0P£RTlES  OF  Allt«         169 

th€  motion  of  the  wind  can  ad:  as  a  caufe  of 
founds  whjch  you  have  no  doubt  obferved  with 
the  EoliaivJiarp. 

Squxc  any  thing  was  done  on  this  fubjcd  of 
any  importance^  till  the  fagacity  of  our  incompa*. 
table  Newton  firft  explained  the  laws,  according 
to  which  the  srial  pulfes  arc  propagated.  It  was 
he  Mfho  firft  difcovered  that  the  pulfes  of  tlK  air 
arc  propagated  in  all  directions  round  the  founding 
bod^ ;  and  that  during  their  progrefs  and  regrefr 
they  are  twice  accelerated,  and  twice  retarded,  ac- 
cording to  the  law  of  a  pendulum  vibrating  in  Ji 
cycloid  ;  and  thefe  difcoverics  are  the  foundation 
of  almoft  all  our  reafoning  on  found* 

Before  we  proceed  it  will  be  neceflary  to  make 
you  a  little  acquainted  with  fome  properties  of  the 
pendulum,  of  which  I  Ihall  probably  treat  more 
at  large  in  one  of  the  fubfequent  ledures. 

When  two  pendulums  vibrate,  which  are  C)t- 
aftly  of  the  fame  length,  their  vibrations  are  per- 
formed in  equal  times :  if  they  fet  out  together  to 
defcribe  equal  arcs  they  will  confent  together  in 
their  motions  till  they  are  at  reft ;  and  if  the  arcs 
be  fmall,  all  the  vibrations  of  each,  when  com- 
pared with  one  another,  will  be  ifocbronous.  But 
if  one  of  thefe  pendulums  is  twice  as  long  as  the 
other,  the  vibrations  of  the  longer  will  be  twice  as 
flow  as  thofe  of  the  fhorter ;  in  other  words,  the 
times  of  their  vibrations  will  be  as  the  fquare  root 
of  their  lengths. 

A  pendulum  is  fixed  to  one  point,  a  mufical 
ftring  is  extended  between  two  points,  and  in  it's 
vibrations  may  be  compared  to  a  double  pen  vi- 
brating in  a  very  fmall  arc,  whence  ftrings  of  dif- 
ferent lengths  may  confent  in  their  motions  after 
the  manner  of  pendulums :  but  then  it  muft  be 
noted,  that  as  a  mufical  ftring  is  two  pendulums, 
not  one  only,  it  is  not  necclfary  to  quadruple  the 

length. 
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length,  in  order  to  make  the  time  of  a  vibratioll 
twice  as  great ;  it  will  be  fufficient  only  to  double 
it ;  and  whatever  height  the  pendulum  falls  from 
6n  one  fide,  fo  much  it  will  rife  on  the  other ;  fo 
will  the  elaftic  mufical  firing  continue  to  vibrate 
from  one  fide  to  the  other  for  fome  time,  and  each 
of  it's  little  vibrations,  like  thofe  of  a  pendulum, 
will  be  performed  in  times  exadly  equal  to  each 
othen 

Thus  do  we  gain,  from  the  analogy  between 
a  pendulum  and  a  mufical  firing,  a  more  adequate 
conception  of  a  fiibjed:  that  could  never  be  un- 
cjerfiood  till  this  analogy  was  difcovered:  it  ex- 
plains why  every  mufical  found  prefervcs  the  fame 
pitch  from  beginning  to  the  end,  as  long  as  it  can 
be  diftinguiflied  by  the  ear ;  and  why  the  pitch  is 
IJill  unvaried,  whether  the  found  be  loud  or  foft ; 
and  all  this,  becaufe  the  vibrations  of  the  fame 
pendulum,  whether  they  are  longer  or  fliorter, 
when  compared  among  themfelves,  are  found  to 
be  all  defcribed  in  equal  times  till  the  pendulum 
be  at  reft ;  the  difference  of  the  fpace  which  is 
moved  over,  compcnfating  for  the  ilownefs  of  the 
motion  in  it's  decay. 

To  illuftrate  ftill  further  this  fubjed,  ftretch 
a  piece  of  catgut  upon  thefe  two  pins :  I  now  lay 
hold  of  it  in  the  middle,  and  pull  it  upwards  ;  I 
let  it  go,  and  you  obferve  that  it  firft  ftraightcns 
itfelf,  or  returns  to  it's  original  pofition,  then 
bends  itfelf  as  far  the  contrary  way ;  the  firing 
acquiring  fufficient  force  when  it  was  bent  one 
way  to  bend  itfelf  as  far  the  other,  and  to  con- 
tinue moving  backward  and  forward,  till  the  re- 
fiftance  of  the  air  and  the  friction  deftroys  the 
velocity  which  the  firing  acquires  by  the  force  of 
clafticity.  It  is  obvious,  that  when  the  firing  is 
thus  let  fly  from  the  finger,  whatever  be  it's  own 
jnotion,  fuch  alfo  will  be  the  motion  of  the  par- 
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tides  of  air  that  fly  before  it;  the  air  will  be 
driven  forward,  and   by  that   means  condenfed* 
When  this  condenfed  air  expands  itfelf>  it  will  ex- 
pand itfelf  not  only  towards  the  {Iring ;  but  as  the 
elafticity  thereof  ads  in  all  direftions,  it  will  alfo 
expand  itfelf  forwards,  and  condenfe  the  air  that 
lies  beyond  it :  this  laft  condenfed  air,  by  it's  ex- 
panlion,  will  produce  the  fame  efFed  on  the  air 
that  lies  ftill  further  forwards ;  and  thus  the  mo- 
tion produced  in  the  air,  by  the  vibration  of  the 
elaftic  body  being  conftantly  carried  forward,  will 
be  conveyed  to  the  ear.     The  contiguous  parts  of 
the  air  going  forwards  and  backwards  by  turns, 
will  be  fubjedl  to  the  like  vibrating  motion  with 
the  parts  of  the  fonorous  body ;  and  as  the  firft 
parts  were  condenfed  in  their  progrefs,  and  relaxed 
ill  their  regrefs,  fo  will  the  other  parts  as  often  as 
they  go  forwards  be  condenfed,  and  as  often  as  they 
go  backwards  be  relaxed :  and  therefore  they  will 
not  all  go  backwards  and  forwards  together ;  for 
then  their  rcfpedive  diftanccs  would  be  always  the 
fame,  and  confequently  they  could  not  be  alter- 
nately rarified  and  condenfed;  whereas  they  meet 
each  other  when  they  are  condenfed,  and  go  from 
each  other  when  they  are  rarified ;  one  part  of 
them  muft  therefore  neceflarily  go  forwards,  whilft 
the  other  goes  backwards  by  alternate  changes 
from  firft  to  laft. 

As  thefe  condenfations  of  air  are  what  ftrike 
(pulfant)  upon  the  ear,  or  upon  any  obftacle  that 
is  in  their  way,  they  are  called  pulfes ;  found  in 
the  air  through  which  it  is  conveyed  confifts  of 
fuch  pulfes.  It  will  be  neceflary  to  relate  to  you 
fomewhat  of  the  nature  of  thefe  pulfes  and  their 
properties :  for  the  demonftration,  as  purely  ma- 
thematical, I  muft  refer  you  to  thofe  writers  who 
have  M^ittcn  particularly  on  this  fubjedt. 

But 
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But  here  I  muft  obfervc  that  thefc  pulfes  21% 
ibmetimes  produced  without  fuch  vibrations  of  the- 
ibunding  body.  In  thcfe  cafes  we  have  to  difcovcf  feis 
by  what  caufe  thefe  condenfations  or  pulfes  may  be 
produced,  without  any  vibrations  in  what  is  confi-»4xj 
deredas  the  founding  body.  We  have  two  inftances 
of  this  fort;  one  in  wind  inftruments,  fuch  as  a 
jiute,  or  an  organ-pipe ;  the  other  in  the  difcharge 
of  a  gun  :  in  an  organ,  or  in  a  flute,  the  air  which 
is  driven  through  the  pipe  ftrikes  againft  the  edge 
of  the  lips  in  it's  paifage,  and,  by  being  accumu-* , 
lated  there,  is  condenfed ;  and  from  this  conden- 
fation  the  pulfes  are  propagated.  When  a  gun 
is  difcharged,  the  powder  upon  taking  fire  expands 
the  air  about  it  all  at  once,  and  confequently  cmi- 
denfcs  the  air  which  encompafles  the  fpace  where 
this  expanfion  happens  ;  for  whatever  air  is  driven 
out  of  that  fpace  whete  the  cxpaniion  is  made  will 
be  forcibly  driven  into  the  fpace  all  round  it.  v 
This  condenfation  is  the  firft  pulfe,  and  as  this  ex-  j^ 
panics  again  by  it's  elafticity,  pujfes  of  the  fame  f, 
ibrt  will  be  produced  and  propagated  forwards. 

The  parts  of  all  founding  bodies  vibrate  ac- 
cording to  the  laws  of  a  cycloidal  pendulum  5  as 
the  vibrations  therefore  of  the  fonorous  body  fol- 
low each  other  at  equal  intervals  of  time,  the 
pulfes  which  are  excited  by  thofe  feveral  vibrations 
will  alfo  fucceed  each  other  at  the  fame  equal  in- 
tervals of  time. 

Sounding  bodies  propagate  their  nlotions  on 
all  fides  diredlly  forwards,  by  fucceffive  conden- 
fations and  rarifaftions,  and  fucceffive  going  for-» 
wards  and  returning  backwards  of  the  particles ; 
fo  that  found  is  driven  in  all  diredions  backwards 
and  forwards,  upwards,  downwards,  and  on  every 
fide ;  the  pulfes  go  on  fucceeding  each  other,  but 
one  without-fide  the  other,  like  circles  in  dif- 
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Uirbcd  water ;  or^  rather  in  concentric  (hells,  flicll 
above  (hell,  as  we  (ee  in  the  coats  of  an  onion. 

The  pulfes  are  th<rfe  parts  of  the  air  which 
vibrate  backwards  ^nd  forwards ;  and  which,  b/ 
going  forward,  flrike  againft  obftacles.  The  la- 
titude of  a  pulfe  is  the  re<Slilineal  fpace  through 
mrhich  the  motion  of  the  air  is  propagated  during 
one  vibration  of  the  founding  body. 

All  pulfes  move  equally  faft :  this  has  been 
proved  by  experiment ;  and  it  is  found  that  they 
defcribe  1070  raris  feet,-or  1 142  London  feet,  in  a 
fecond,  whether  the  found  be  loud  or  low,  grave  or 
acute. 

Sounds  may  differ  from  one  another  both  with 
rcfpcdl  of  their  tone,  and  in  refpedt  of  their  in- 
tcnfity  or  ftrength :  in  refpedt  of  their  tone  they 
are  diftinguilhed  into  grave  and  acute :  in  refpcil 
of  their  intenfity  they  are  diftingui(hed  into  loud 
or  ftrorig,  low  or  weak.     The  tone  of  a  found  de- 
pends upon  the  time  that  an  impreffion  continues^ 
and  is  not  altered  by  the  diftance  of  the  ear  front 
the  founding  body.     But  the  intenfity  or  ftrength 
of  any  foun^  depends  upon  the  force  with  which 
the  particles  of  air,  as  they  are  condenfed,  ftrike 
the  ear;  and  this  force  is  different  at  different 
diftances;  fo  that  a  found  which  is  very  !'*•"' 
when  we  are  near  the  body  that  produces  it> 
be  weaker  if  we  are  farther  from  it ;  and  the 
tance  may  be  fo  great  that  we  cannot  hear  it  at 
Mathematicians   (hew  that  the  intenfity  of  J 
at  different  diftances  from  the  founding  body^  /j 
verfely  as  the  fquare  of  the  diftances. 

Sound   moves  with   the  fame   velocity  ai 
diftances  from  the  founding  body.     The  fou,nd 
cannon,  or  a  bell,  moves  at  the  rate  of  11 42 
in  a  fecond  at  all  diftances  from  the  gun  or 
If  it  moves  at  this  rate  for  the  firft  mile,  it 
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move  at  the  fame  for  the  fecond  mile  :  fo  that  z, 
perfon  who  is  within  one  mile  of  a  cannon  when 
it  is  difcharged,  wiir  hear  the  report  juft  as  foon 
again  as  another  who  is  at  the  diftance  of  two 
miles.  The  velocity  of  found  doe^  not  decreafc 
as  it  is  propagated  forwards,  but  continues  the 
lame  from  the  firft  to  the  laft :  but,  though  the 
velocity  of  found  is  not  altered,  while  each  pulfe 
is  produced  in  an  equal  time ;  fo  that  though  the 
velocity  with  which  the  particles  vibrate  decreafes 
Is  the  foUnd  fpreads,  and  confcquently  decays  till 
it  ceafes  entirely ;  yet  the  velocity  with  which  the 
found  itfelf  is  propagated,  continues  the  fame  to 
the  laft ;  or  the  velocity  with  which  it  is  moving 
at  the  time  that  it  ftops,  is  the  fame  velocity  with 
which  it  began  to  move. 

Sounds  of  different  tones  move  'with  the  fame 
velocity.  This  is  very  evident ;  for  a  peal  of  bells 
are  heard  in  the  fame  order  in  which  they  are  rung, 
whether  we  are  near  or  at  a  diftance, 

Sotmds  of  different  intenfitiis  are  propagated 
with  the  fame  velocity.  A  low  found  canFK>t  be 
heard  indeed,  fo  far  as  the  loud  one  may :  yet 
founds,  either  low  or  loud,  will  be  conveyed  in  an 
equal  time  to  any  equal  diftance  at  which  either 
of  them  can  be  heard.  The  report  of  a  cannon 
does  not  move  fafter,  or  pafs  over  a  given  fpace, 
Tconcr  than  the  found  of  an  elaftic  ftring. 

The  principal  caufe  of  the  decay  of  found  is 
the  want  of  perfedl  elafticity  in  the  air :  whence 
it  arifes  that  every  fubfequcnt  particle  has  not 
the  entire  motion  of  the  preceding  particle  com- 
municated to  it,  as  in  the  cafe  of  equal  and  per- 
fcdly  elaftic  bodies ;  confcquently  the  farther  the 
motion  is  propagated,  the  more  will  the  velocity 
with  which  the  particles  move  be  diminiftied  ;  the 
condenfotion  of  air  will  be  diminiflaed  alfo,  and 
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the  farther  the  pulfe  is  propagated  the  more  is  the 
denfity;  and  confequently  the  impulfe  on  the 
drum  of  the  ear  diminilhed.* 

And  that  the  defed  of  perfedt  elafticity  in 
the  air  is  a  principal  caufe  of  the  decay  of  found, 
appears  from  this ;  that  founds  are  perceived  more 
diftind:ly  when  norths  north-eaft,  and  eafterly  winds 
prevail,  at  which  time  the  air  is  dry,  and  confe- 
quently more  elaftic ;  for  vapours  diffufed  through 
the  atmofphere,  unlefs  dilated  by  intenfe  heat,  di- 
xhinifti  the  fpring  of  the  air. 

Sound  requires  a  fenfible  time  for  it's  propa- 
gation, or  paflage  from  one  place  to  another :  on 
difcharging  a  gun  the  report  is  not  heard  till  fomc 
time  after  the  flalh  has  been  feen ;  for  light  moves 
much  fwifter  than  found,  coming  from  the  fun  in 
eight  minutes,  or  72420  leagues  in  a  fecond;  fo 
that  the  velocity  of  light  may  be  confidered  as  in- 
ftantaneous  :  and  as  found  takes  up  a  confiderablc 
time  in  it's  paflage,  the  interval  between  the  flafh 
and  report  of  the  gun  ihews  us  the  fpace  that  is 
pafled  over  in  a  given  time. 

From  a  fet  of  curious  experiments  made  at 
different  times  by  different  people,  we  obtain  the 
following  refults  :  i.  That  the  mean  velocity  of 
found  is  about  one  mile  in  nine  half-feconds  and  a 
quarter,  or  11 42  feet  in  one  fecond  of  time: 
2.  That  all  founds,  whether  they  be  weak  or 
ftrong,  great  guns,  or  fmall,  &c.  have  the  fame 
velocity:  3.  That  it  moves  through  equal  fpaccs 
in  equal  time,  being  the  fame  at  the  end  as  at  the 
beginning  :  4.  That  it  is  the  fame  by  night  or  by 
day,   hot   or  cold   weather,  winter  or  fummer: 

5.  That 

♦  Other  caufes  of  the  decay  of  found  have  been  afligned, 
but  they  have  been  proved  to  be  inadequate  to  the  purpole  by 
Mr.  Young,  of  Dublin^  in  his  Inquiry  into  the  Phenomena  of 
Sound, 
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5.  That  it  is  alfo  the  fame  whether  the  cannon  be 
di reded  to  or  from  the  place:  6.  That  there  is  a 
fmall  difference  in  the  velocity  of  founds,  with  or 
jkgainft  the  wind :  7.  It  is  alfo  fomewhat  augmented 
or  diminifhed  by  a  difference  in  the  ftrength  or 
weaknefs  of  the  wind. 

Of  the  Speaking  Trumpet. 

The  augmentation  of  found  by  this  inftni- 
ttient>  depends  on  it's  reflexion  from  the  tremulous 
fides  of  the  tube,  which  reflexions,  by  confpiring 
to  propagate  the  pulfes  in  the  feme  diredion,  in- 
crcafe  it's  intcnfity.  Farther,  when  we  fpeak  in 
the  open  air,  the  effect  on  the  tympanum  of  a 
diftant  auditor  is  produced  merely  by  a  lingle 
pu}fe  :  but  when  we  ufe  a  tube  ail  the  pulfes  pro^ 
legated  from  the  mouth,  except  thofe  in  the  di- 
rection of  the  axis,  ftrike  againft  the  fides  of  the 
tube,  and  every  point  of  impulfe  becoming  a  new 
center,  from  whence  the  pulfes  are  propagated  in 
all  directions,  a  pulfe  will  arrive  at  the  ear  from 
each  of  thofe  points.  Thus,  by  the  ufe  of  a  tube, 
a  greater  number  of  pulfes  are  propagated  to  the 
ear ;  and  coirfequently  the  found  increafed.  The 
confinement  of  the  voice  may  alfo  have  fome 
effect,  though  not  fuch  as  is  generally  afcribed  to 
it  ;*  for  the  condenfed  pulfes  produced  by  the 
naked  voice,  expand  freely  every  way ;  but  in 
tubes  the  lateral  expanfion  being  diminifhed,  the 
direcft  expanfion  will  be  increafed,  and  confe- 
quently  the  velocity  of  the  particles  and  the  in- 
tenfity  of  the  found.  The  fubftance  of  the  tube 
has  alfo  it's  effeft ;  for  the  more  fufceptible  it  is 
c(  tremulous  motions,  the  flronger  is  the  effeft. 

If 

♦  For  the  errors  in  accounting  for  the  efFeds  of  the  ivb^ 
fee  Mr.  Young's  Inquiry  into  the  rhenomcoa  of  Sound* 
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If  the  tube  be  laid  on  arty  non-elaftic  fubftahce 
it  deadens  the  found»  bccaufe  it  prevents  the  vibra- 
tbry  motion  of  the  parts^  The  found  is  increafed,  if 
the  (peaking  trumpet  be  fufpendcd  in  the  air,  be- 
caufe  the  agitations  are  then  carried  6ti  without 
interruption.  Thcfe  tubes  ihould  increafe  in  dia- 
meter from  the  mouth-piece,  bccaufe  the  parts 
vibrating  in  directions  perpendicular  to  the  fur- 
face  will  confpire  in  impelling  forwstfd  the  par- 
ticles of  air ;  and,  confequently,  by  increafing  their 
velocity  will  increafe  the  intenfitjr  6f  the  found ; 
and  the  furface  alfo  increafing  the  number  of  points 
of  impulfe,  and  of  new  propagations^  will  increafe 
proportionally. 

Of  Echos; 

This  i!ubje6t  cannot  be  fully  uhaerftood  M'lthl* 
out  reference  to  mathematical  reafonings^  which 
we  have  endeavoured  to  avoid  as  much  as  poffible: 
we  can  only,  therefore,  make  j^  few  obfervations  in 
this  place,  referring  the  reader  to  Mr.  Young's 
excellent  work  for  a  clear  and  full .  explanation. 
He  (hews  that  the  uiual  pofition  of  moft  writers, 
that  found  obferves  the  law  of  all  other  reflexions; 
that  is  to  fay,  that  the  angle  of  reflexion  is  equai 
to  the  angle  of  incidence,  is  erroneous ;  for  in  found 
every  point  of  impulfe  becomes  a  center,  from 
which  a  new  feries  of  pulfes  are  propagated  ii> 
every  angle  whatfoever. .  The  principles  on  which 
echos  are  founded  are  therefore  thefe :  i .  Every 
point  agairift:  which  the  pulfes  ftrike  becomes  a 
centei;  of  a  new  feries  of  pulfes  :  2.  That  found 
defcribes  equal  fpaces  in  equal  tiities ;  therefore, 
Vhcn  any  found  is  propagated  from  a  center,  and 
it's  pulfes  ftrike  againlt  a  variety  of  obftacles,  if 
the  fum  of  the  right  lines  drawn  from  that  point 
to  each  of  the  obftacles,  and  from  each  obftacle  to 
a  fecond  point,  be  equal,  then  will  the  latter  be  a 
Vol;  I.  N        /  point 
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point  in  which  an  echo  can  be  heard.     Thus,  let 
A  (fig^  II,  pi.  4.,)  be  the  point  from  which  the 
fourid  is  propagated  in  all  diredions,  and  kt  the 
pulfes  ftrike  againft  the  obftaclcs  C,D,E,F,G,H>1, 
each  of  thefe  points  becomes  a  new  center  of  pulfes 
by  the  firft  principle ;  and  therefore  from  each  of 
them  one  leries  of  pulfes  will  pafs  through  the 
point  B,     Now,  if  the  fums  of  the  right  lines 
AC4^B,tAEH-DB,  AE+EB,  AG+GB,  AS^pS^ 
AI4-IB,  be  all  equal  to  each  other,  it  is  obvious 
that  the  pulfes  propagated  from  A  to  thefe  points^ 
and  again  from  thefe  points  to  B,  will  all  arrive 
at  B  at  the  fame  inftant,  according  to  the  fecohd 
principle;  and  therefore,  if  the  hearer  be  in  that 
point,  his  ear  will  at  the  fame  inftant  be  ftruck 
by  all  thefe  pulfes.     Now  it  appears  from  experi- 
ment, the  ear  of  an  exercifed  mufician  can  only 
diftinguifh  fuch  founds  as  follow  one  another  at 
the  rate  of  nine  or  ten  in  a  fecond,  or  any  flower 
rate :    and  therefore  for  a  diftindl  perception  of 
the  diredl  and  refledled  found,  there  (hould  inter- 
vene the  interval  of  one-ninth  of  a  fecond ;  but 
in  this  time  found  defcribes  ai^,   or    127  feet 
nearly ;  and  therefore  unlefs  the  mm  of  the  lines 
drawn  from  each  of  the  obftacles  to  the  points  A 
and  B,  exceeds  the  interval  AB  by  127  feet,  no 
echo  will  be  heard  at  B.     Since  the  feveral  fiims 
of  the  lines   drawn  from   the    obftacles   to  the 
points  A  and  B,  are  of  the  fame  magnitude,  it 
appears  that  the  curve  pafling  through  all   the 
points  C,  D,  E,  F,  G,  H,  I,  &c.  will  be  an  ellipfe : 
hence  all  the  points  of  thtf  obftacles  which  pro- 
duce an  echo  muft  lie  in  the  furface  of  the  oblong 
Ipheroid,    generated   by   the  revolution   of    this 
ellipfe  round  it's  major  axis.     As  there  may  be 
ftveral  fuch  fpheroids  of  different  magnitudes,  it 
follows  that  there  may  be  feveral  different  echps- 
cf  the  fame  original  found:   and  as  there  may 

happen' 
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happen  to  be  a  greater  number  of  refledling  points 
in  the  furface  of  an  exterior  fpheroid  than  in  that 
df  an  interior,  a  fecond  or  a  third  echo  nuiy  be 
much  more  powerful  than  the  firft ;  provided  ^that 
the  fupcrior  number  of  refleding  ploints,  that  is, 
the  fupcrior  number  of  reflefted  pulfes  propagated 
to  the  ear,  be  more  than  fufRcient  to  compenfate 
for  the  decay  of  found  which  arifes  from  it's 
being  propagated  through  a  greater  fpace.  This 
is  finely  illultrated  in  the  celebrated  echos  at  the 
lake  of  Killarney,  in  Kerry,  where  the  firft  return 
of  the  found  is  much  inferior  in  ftr^ngth  to  thofc 
that  immediately  fucceed  it. 

It  is  not  abfolutely  neceflary  that  the  refledi- 
ing  points  C,  D,  E,  F,  &c.  producing  an  echo, 
Ciould  lie  accurately  in  the  periphery  of  anellipfe; 
for  if  the  fums  of  the  right  lines  Ac+CB. 
AD-J-DB,  &:fc.  do  not  differ  froni  each  other  by 
more  than  1I7  feet,  the  pulfes  propagated  from 
thcfe  points  will  not  be  diftinguiftiable.  However, 
the  nearer  thefe  fums  approach  to  equality,  the 
hiore  accurate  will  be  the  coincidence  of  the 
pulfes,  and  confequcntly  the  echo  will  be  the  more 
diftina:. 

From  what  nds  been  laid  down  it  appears  that, 
for  the  mbft  powerful  echo,  the  founding  body 
fltould  be  in  one  focus  of  the  ellipfe,  which  is 
the  fedion  of  the  echoing  fpheroid,  and  the  hearer 
in  the  other :  however,  an  echo  may  be  heard  in 
other  fituatibnsi  though  not  fo  favourably ;  as  fuch 
a  number  of  rcfledled  pulfes  may  arrive  at  the 
fame  tihie  at  the  ear  as  may  be  fufficient  to  excite 
a  diftinft  perception*  Thus,  a  perfdn  often  hears 
the  cchp  of  his  own  voice ;  but  for  this  purpofe  he 
ihould  ftand  at  leaft  63  or  64  feet  from  the  re- 
flcSing  obftacle,  according  to  what  has  been  faid 
before.  ^At  the.  common  rate  of  fpeaking,  wc 
pronounce  Abt  above  three  fyllables  and  a;i  half, 
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that  is,  fcyen  half  fyllables  in  a  fecond :  therefore, 
that  the  echo  may  return  juft  as  foori  as  three  fyl- 
lables are  exprelled,  twice  the  diftance  of  tkc 
fpeaker  from  the  reflefting  objedt  muft  be  equal 
to  1000  feet;  for  as  found  dclcribes  114I  feet  in 
a  fecond,  fix-fevenths  of  that  fpac^  that  is^  looo 
feet  nearly,  will  be  defcribed  while  nx  half,  or  three 
whole  fyllables  are  pronounced;  that  is,  the  fpeaker 
muft  ftand  near  500  feet  from  the  obfliaclc :  and 
in  general,  the  diftance  of  the  fpeaker  from  the 
echoing  furface,  for  any  number  of  fyllables,  muft 
be  equal  to  the  feventh  part  of  the  produft  of  1 142 
feet  multiplied  by  that  number. 

In  churches  we  never  hear  a  diftinft  echo  of 
the  voice,  but  a  confufed  found  when  the  fpeaker 
utters  his  words  too  rapidly ;  becaufe  the  greatcft 
difference  of  diftance  between  the  dircft  and  rc- 
fleded  courfes  of  fuch  a  number  of  pulfes  as 
would  produce  a  diftind^  found,  is  never  in  any 
church  equal  to  127  feet,  the  limit  of  echos. 

But  though  the  firft  reflected  pulfes  may  pro- 
duce no  echo,  both  on  account  of  their  being  too 
few  iit  number,  and  too  rapid  in  their  return  to 
the  ear ;  yet  it  is  evident,  that  the  refledling  fur- 
face  may  be  fo  formed, .  as  that  the  pulfes  which 
come  to  the  ear  after  two  refledlions  or  more,  may, 
after  having  defcribed  127  feet,  or  more,  arrivfc 
at  the  ear  in  fufficient  numbers  5  and  alfo,  fo  nearly 
at  the  fame  inftant  as  to  produce  an  echo,  though 
the  diftatnce  of  the  reflefting  furface  from  the  ear 
be  lefs  than  the  limits  of  echo.  This  i^  confirmed 
by  a  Angular  echo  in  a  grotto  oA  the  banks  of  the 
little  brook  calle^J  the  Dinan,  about  two  miles  from 
Caftlccomer,  in  the  county  of  Kilkenny.  As  you 
enter  the  cave,  and  continue  fpeaking  Ibud,  no  re-^ 
turn  of  the  voice  is  perceived;  but  on  your  ar- 
riving at  a  certain  point,  which  is  not  above  t4 
or  15  feet  from  the  reflecting  fiirfecc,  a  vcrjf  dif- 
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tin<5l  echo  is  heard.  Now  this  echo  cannot  arifc 
from  the  firft  courfe  of  pulfes  that  are  refledcd  to 
the  ear,  becaufe  the  breadth  of  the  cave  is  fo  fmali 
that  they  would  return  too  quickly  to  produce  a 
diftiiKa  fenfation  from  that  of  the  original  found; 
it  therefore  is  produced  by  thofe  pulfes  which, 
after  having  been  refledled  feveral  times  from  one 
fide  of  the  grotto  to  the  other,  and  having  run 
over  a  greater  fpace  than  1:27  feet,  arrive  at  the 
ear  in  confiderable  numbers,  and  not  tijore  diftant 
from  each  other  in  point  ef  time  than  the  ninth 
part  of  a  fecond. 

The  following  obfervations  on  the  phenomena 
of  found,  and  the  vibration  of  ftringa;^  which  were 
communicated  tp  me  by  a  very  ingenious  philofo-* 
pher,  will  be  found  to  merit  your  attention. 

The  phenomena  of  found  and  the  vibration 
of  ftrings  have  received  much  illuftration  from 
the  fkilful  experiments,  and  accurate  calculations 
of  many  judicious  mathematicians ;  but  the  mode 
in  which  vibration  is  efFeded  and  continued  in  fo^ 
norous  bodies,  and  propagated  through  elaftic  me- 
diums, does  not  appear  to  have  been  properly  at- 
tended to. 

'*  To  Ihew  that  found  is  not  propagated  by 
undulations  or  waves,  fuch  as  we  fee  produced  in 
water  by  throwing  a  ftone  therein,  I  fhall  firft  point 
out  the  infufficiency  of  thehypothefis,  and  after- 
wards indicate  the  mode  in  which  I  in^agine  founds 
are  propagated  through  the  medium,  and  the  fort  - 
of  movement  ftrings  receive  when  in  vibration. 

"  It  is  known  from  experiments  that  found 
proceeds  from  a  center  fpherically  with  equal  '»''»- 
locities,  whether  the  caufe  or  vibration  of  the 
norous  body  be  grave  or  acute,  ftrpng  or  w< 
It  is  obvious  that  water,  which  may  be  confid< 
as  an  incomprcflible  fluid,  cannot  be  imduls 
frgm  a  center  fphericstlly ;  as  in  thi^  cafe  the 
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tire  mafs  muft  be  moved^  from  the  nature  of  in- 
compreflibility  (and  yet  water  will  tranfmit  found.)-' 
If  it  be  grafted  that  an  incompreflible  fluid  cannot 
undulate  from  a  center  fpherically;  but  that  aa 
claftic  fluid  may;  we  reply,  that  the  phenomena* 

f)rove  found  is  not  propagated  by  fuch  undu- 
ations,  though  the  'medium  may  poflibly  be  fuf- 
c^ptible  of  them. 

Let  A  (fig.  5,  pi.  4,)  reprefent  a  fonorous  bodjr 
producing  the  equd  and  fucccffive  undulations, 
b,  c,  d,  &c.  from  a  center  fpherically,  it  is  evi- 
dent they  would  continue  ad  infinitum^  equal 
caufes  producing  equal  effefts,  as  the  wave  n  is 
equal  to  the  wave  ^,  and  the  tnedium  is  the  farpe; 
confequently* found  fliould  never  decreafe,  as  an 
equal  wave  of  the  fame  medium  would  (Irike  the 
ear  at  d  ov  zi  m,  and  produce  equal  found,  which  is 
contrary  to  fad.  Let  A  be  fuppofed  to  produce 
undulations  decreaflrig  in  the  inverfe  ratio  of  the 
fquare  of  the  diftance,  the  velocity  of  found  would 
decreafe  in  that  proportion ;  but  this  is  alfo  con- 
trary to  fadl,  for  found  is  always  uniform. 

"  It  is  plain,  therefore,  that  the  phenomena 
in  either  cafe  do  not  correfpond  with  the  hypo- 
thefis,  which  confequently  cannot,  be  true. 

"  Let  us  now  fay  by  what  means  found  is  pro- 
pagated or  tranfmitted  through  the  mediums  pro- 
per for  it's  tranfmiflion. 

*'  Sound  proceeds  progrcflivcly  through  the  air. 
with  an  equal  velocity,  dccreafing  in  force,  if  the 
medium  be  of  equal  denfity,  in  the  inverfe  ratio  of 
the  fquare  of  the  diftance  from  the  fonorous  body. 
Now  it  is  dcmonftrated  that  undulations  or  waves 
in  the  air  would  not  produce  the  phenomena,  as 
they  would  neceflarily  produce  equal  force  with 
equal  velocity,  or  unequal  velocity  with  unequal 
force :  and  as  motion  or  force  can  only  be  tranf- 
mitted from  one  body  to  another,  by  direil  motion, 
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flr  change  of  place,  or  by  rotatory  motion  without 
change  of  place  i  and  as  diredl  motion  is  infuffi- 
cicnt  to  explain  the  cafe,  it  remains  to  try  whether 
the  rotatory  motion  of  the  particles  agrees  better. 
with  the  known  phenomena." 

'*  Before  we  proceed  further,  it  will  be  neceflary 

to  lay  a  few  words  on  the  mpvemenf  of  vibi:ation 

in  the  ftring,  or  fonoroua  bpdy .  Let  A  B  (fig.  ^,pL  4, ) 

reprcfent  a  mufical  firing  j;  place  a  bit  of  paper  on 

the  ftring  (fig.  7,  pk,  4,)  ajnd  make  it  vibrate  :  the 

p^per  will  turn  round  i|^  the  direction  in  which 

the  ftring  is  ftruck  till  the  vibration  ceafes.    Now 

\%  is  plain  if  the  ftring  o/cillated^  the  paper  would 

not  turn  Found^  but  (imply  move  from  fide  to  fid^ 

with  the  ftriag;   and  if  the  ftring  moved  fVoH> 

the  center,  as  when  you  take  a?  cord  in  your  hand, 

the  one  end  faft,  and  turn  it  round,  it  would  be 

twifted,  and  naturally  turn  back  again  to  get  rid  of 

the  twift ;  and  confequeiitjy  would  $urn  the  cor4 

back  again,  &c. 

'*  But  the  cord  only  moves  one  way ;  the  ftring, 
therefore,  only  moves  one  way,  and  that  way  is  ii^ 
^  Spiral  dire<iHonj  (fig.  8,  pL  4,)  no  other  being 
proper  to  produce  the  effect.  The  force  returning 
by  means  of  a  fubtle  medium,  and  the  vibratioi> 
decrcafing  in  proportion  to  the  denfity  of  the  me-, 
dium  it  vibrates  in,  as  it  naturally  communicates 
more  or  lefs. force,  according  to  the  number  of 
particles  it  touches  in  a  given  time,  as  th§  ftring 
ohvioufly  turns  in  a  fpiral,  ^nd  d^^*  not  return  / 
it  is  plain  the  force  can  only  be  kept  up  by  a 
fubUe  mediupi :  now,  the  ftring  in  turning  Y/^.  9, 
pU  4,}  when  at  ^,  ftrikes  a  particle  of  air  o;  aj^d  a^ 
it  makes  the  circle  a^^  b,  before  it  ftrikes  it  again, 
that  time  is  the  meafure  of  the  vibration  j  each 
particle  of  air  ftruck  is  necefTarily  turned  round 
It'll  axis  with  a  velocity  proportioned  to  the  ftroke: 
a  turiis  b,  b  turn*  b*  b,  c,  &c.  buf  as  the  numbej 
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of  particles  increafe  in  the  ratio  of  the  fquare  ci 
the  diftance,  and  the  force  is  equally  divided  be- 
tween the  particles;  their  rotatory  velocity  de- 
ereafes  in  that  ratio,  and  confequently  their  im- 
pulfiony  or  power  to  produce  found ;  but  their  pro- 
greflive  velocity  from  A  to  d  (Jig.  lo^  pi.  4 J  is 
undiminifhed  :  for,  although  b  has  four  times  the 
velocity  of  c,  and  nine  times  that  of  d,  yet  b,  c, 
and  d  employ  equal  time  to  conununicate  their 
unequal  forces  to  the  contiguous  particles.  Indeed, 
if  we  examine  the  nature  of  communicating  force 
or  motion  from  one  body  to  another,  you  will  pro- 
bably find  that  folid  bodies  always  vibratr,  and 
that  fluids  always  have'a  rotatory  motion  :  for  let 
us  fuppofe  an  incomprcflible  fluid  with  it's  par- 
ticles in  contadt,  it  is  evident  that  a  fluid  could 
only  communicate  force  or  motion  from  one  body 
to  another  by  thp  entire  motion  of  the  intervening 
fluid,  or  by  the  rotation  of  it*s  particles:  but  as 
v.  e  have  no  idea  that  motion  can  be  communi- 
cated but  by  motion,  it  feeiiis  difficult  to  conceive 
how  z^  can  tranfmit  force  to  b  and  c,  without 
being  itfelf  firft  moved ;  and  in  this  hypothefis, 
a,  can  only  have  a  rotatory  motion  with  the  entire 
a  c  ;  but  as  it  is  not  dembnftrable  that  an  incom- 
prcflible fluid  exifl-s,  we  can  only  prove  that  an 
i^laftic  fluid,  where  the  particles  may  be  fuppoied 
fcparatc,  with  or  without  the  intervention  of  a 
iubtle  medium,  tranfmits  force  by  the  rotatory 
motion  of  it's  particks,  from  the  infufficiency  of 
any  other  hypothefis. 

*'  Several  vague  and  incorreft  cxpreflions  have 
crcpt;-into  the  doctrine  of  founds ;  as,  that  found 
i6  propagated  by  vibrations  in  the  air:  now  the 
air  does  hot  vibrate  j  for  vibration  means  a  courfe 
and  recourfe  in  a  given  time,  and  belongs  only  to 
the  fonoroiis  body ;  but  the  air  propagates  found 
pmgreflively  with   an  equable  velocity,  without 
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any  return:  thus,  ^^^^oo  ^  "^^ves  b,  b  moves  c,  &c, 
but  c  never  moves  b,  nor  b,  a ;  and  a  remains  at 
reft  till  the  fonorous  body  returns  to  it,  and  givea. 
it  a  frefti  rotation;  for  if  it  were  a  movement  of 
impulfion  only,  it  would  caufe  undulation;  and 
as  the  waves  ^ould  neceflarily  decreafe,  the  velo- 
city would  decreafe  ;  and  if  the  waves  did  not  de- 
creafe the  found  would  not  decreafe,  as  a  fimilar 
wave  of  the  fame  air  would  give  the  fame  (hock^ 
and  produce  the  fame  found ;  but  the  velocity  of 
found  does  not  decreafe,  and  the  force  of  found 
does  decreafe  :  found,  therefore,  cannot  be  propa- 
gated by  impulfion  only ;  and  as  we  cannot  ima^ 
gine  force  to  be  communicated  except  by  impul- 
fion or  rotation,  rotation  of  the  particles  muft  be 
the  mckie  by  which  air  conveys  found. 

''  That  a  firing  makes  it's  Tibrations  by  a  fpiral 
motion,  will  appear  more  evident  when  we  confi-^ 
der  that  the  force  has  at  once  a  progreflivc  and 
rotatory  motion:  thus;  let  AB  (jig.  6,  pi.  4,)  re^ 
prefent  the  ftring  of  an  hairpfichord ;  ftrike  at 
fe,  the  force  pafles  from  B  to  A,  and  as  it  moves 
along,  turns  the  ftring  at  the  fame  time.  No  other 
than  a  fpiral  motion  can  produce  at  once  progref- 
fion  and  rotation  ;  and  as  the  force  continues  fomc 
time  in  the  ftring  without  returning  from  A  to  B 
along  the  ftring,  it  feems  neceflary  to  call  in  the 
aid  of  a  fubtil  fluid  to  tranfmit  the  force  from  A 
to  B,- 

Ot  Musical  Sounds. 

*'  There  are  few  who  bave  not  felt  the  charms 
of  mufic,  and  acknowledged  ifs  expreflion  to  be 
intelligible  to  the  heart.  It  is  a  language  of  de- 
lightful fenfations  that  is  far  more  eloquent  than 
Words :  it  breathes  to  the  ear  the  cleareft  intima- 
tions J  but  how  it  wajs  learned,  to  what  origin  we 
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o^cit,  or  wljiat  is  the  meaning  of  fome  of  it's 
iiioft  affedling  rtrains^  we  know  not. 

•'  We  feel  plainly  that  mufic  touches  and 
gently  agitates  the  agreeable  andfublinie  affecflions; 
that  it  wraps  us  in  melancholy^  and  elevates  in  joy; 
that  it  diflblves  and  inflames ;  that  it  melts  us  ia 
tendcrneifs,  and  roufe&  to  anger;  but  it's  ftrokcs  arc 
fo  fine  and  delicate,  that  while  it  wounds,  it 
-pleafes.  As  the  pailions  of  individuals  arc  more 
Or  lefs  cafily  affcdied,  fo  will  their  tafte  of  har- 
ipony  proportionably  vary.  Muliq  is  a  language 
direclited  to  the  palTions ;  but  the  rudeft  paflions  put 
on  a.  new  nature^  and  become  pleafing  in  har- 
mony. It  awakens  paflions  that  we  dp  not  per- 
ceive in  ordinary  life.  The  niofl:  elevated  fen- 
iations  of  mufic  arife  from  a  confufed  perccptioa 
of  ideal  or  vifionary  beauty  and  rapture ;  whi.ch  is 
nifficicntly  perceivable  to  fire  the  imagination, 
l^ut  not  clear  enough  to  become  an  object  of  know- 
ledge^ The  noblefl;  charm  of  mufic,  though  real 
and  alflfeding,  feems  too  confufc^  and.  fugacious  to 
be  coltcfted.  into  a  difliind:  idea.  Harmony  is 
always  underftood  by  the  crowd^  and  almofl:  always 
miftaken  by  muficians ;  who  ^rc  in,  genera}  fer- 
\  ile  followers  of  the  tafte  of  the  mode ;  and  who^ 
having  fpent  much  time  and  pains  in  the  pradlical 
part,  lay  a  ftrefs  on  the  dexterity  of  hands,  which 
yet  have  no  real  value,  but  as  they  fcrve  to  pro- 
duce thofe  coUedlions  of  fpund  tha;  move  the 
paflions.'* 

True  mufic  is.  the  tuning  and-  modulation  of 
the  founds  and  exprefllons  pf  najture,  fo  as  to  ex- 
cite anfwerable  fenfations  and  fentiments  within 
us.  Harmony  and  mind  are  connatural ;  whatever 
beings  partake  of  either,  partake  of  bo^h ;  hence 
it  is,  that  mu/ical  founds  uttered  by  human  voices^ 
QX  iflued  from  any  mufic^l  inftrument  oi man's  con-t 
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trivance,  /proceed  from  what  is  of  Divi^  origin ^ 
and  the  fol-ce  of  them  is  felt  only  by  what  is  of  the 
famq  t)jijig[atn  others;  namely,  harmony  znd  mind. 
Sounfi  is  nothii)g  more  than  the  fubjed:  matter  of 
rhufic  :  it  is  hkriliony  which  gives  forrtis  to  this^ 
matter,  and  makes  founds  to  be  mujical $  ,h\xt  pro-^ 
portion,  harmony,  regularity,  and  order,  are  ^- 
feilions  of  the  percipient  principle  within  us;  from, 
it  they  receive  all  their  beauty,  to  it  they  owe  all, 
their  reality. 

The  theory  of  muftcal  founds  is  too  intricate 
and  (ubtle  to  make  a  part  of    my  plan  of  in- 
ftru(ftio|\s  ;  I  Ihall,  therefore,  content  myfelf  with 
laying  before  you  a  few  obfervations,  merely  ta. 
awaken  your  attention  to  this  curious  fubjedt. 

All  motion  is  in  time  and  ipeafure ;  and  zs, 
mufical  founds  proceed  from  motion,  they  muft' 
be  the  pbje<5ts  of  menfuration.  If  they  are  mea- 
fiirable  by  numbers,  there  will  be  between  thofc 
numbers  a  variety  of  relations;  fo  that  fome,  when 
compared  with  others,  ihall  be  rations^l,  and  others, 
irrational ;  and  thefe  will  denote  the  agreements 
or  difagrecments  of  founds  among  themfelves, 
ivhich  are  called  confonances  and  dijfonances. 

Two  firings  of  equal  length,  tenfion,  and, 
thicknefs,  by  performing  their  vibrations  together, 
will  found  the  fame  note,  or  be  in  unifon.  Two 
|)ipes  of  the  fame  length  and  diameter  will  agree 
in  the  fame  manner.  In  the  cafe  of  the  firing  the 
air  is  ftruck  by  the  body,  and  the  found  is  excited. 
In  the  cafe  of  the  pipe  the  body  is  flruck  by  the 
air;  but  as  acftion  and  re-adlion  are  equal,  the  ef- 
led  is  the  fame  in  either  cafe.  If  the  pipe  were 
carried  forward  againft  the  air,  as  fwiftly  as  the  air 
is  driven  againft  the  pipe,  it  would  utter  a  found, 
as  when  the  air  moves  and  the  pipe  is  at  reft. 

Large  inftrumcnts  and  long  firings  produce, 
grave  or  deep  tones ;  fmall  inftruments  and  fhort 
'  2  firings 
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ftrings  produce  aCutc  or  high  tones;  in  organ- 
pipes,  for  inftance,  in  proportion  to  their  length 
anddimenfions :  this  is  alfo  true  in  mufical  ftrihgs. 
If  I  take  a  mufical  ftring  of  any  length,  and  di- 
vide it  into  two  equal  parts  by  a  bridge  in  the  mid- 
dle, each  hklf  founds  an  octave,  that  is,  eight  notes 
higher  than  the  tone  of  the  whole  ftring:  their 
vibrations  relative  to  the  whole  ftring  areas  a  to  i ; 
therefore,  they  perform  the  fame  number  of  \  j- 
brations  in  half  the  time ;  confequently  the  odavc 
coincides  with  the  fundamental  note  at  cveyy  fc-. 
cond  vibration. 

Hence  you  will  obferve,  that  it  is  the  Ihorteft 
ftring  of  a  harpfichord  which  makes  the  high 
notes;  and  that  they  gradually  increafe  in  length 
9s  you  increafe  to  the  deepeft  note  of  the  inftru^ 
ment,  though  there  be  blacK  and  white  keys  on  the 
harpfichord,  and  each  ftrikes  a  different  note,  which 
are  called  by  the  firft  feven  letters  of  the  klphai)et.  If 
you  begin  with  A,and  ftrike  feven  notes  in  fucceflion 
upwaras  or  downwards,  you  will  either  way  come 
again  to  A ;  they  arc  not,  indeed,  the  fame  notes  as 
that  with  which  you  began,  but  they  are  ocfbave^ 
tp  it,  vibrating  the  one  in  half,  the  other  in  double 
the  time.  Thefc  feven  notes  are  thofe  of  a  peal 
of  bells :  when  there  are  eight,  the  fmalleft  bell 
is  an  odave  to  the  largeft.  To  tender  thei^  in- 
flxumcnts  more  comprehenfive^  niuficianSv  have 
introduced  intermediate  notes  called  femi-tones; 
each  half  a  tone  higher  tha,n  the  note  below  it, 
and  confequently  half  a  note  lower  than  the  note 
above.  Thefc  are  the  fiiort  white  keys,  on  th? 
harpfichord. 

Of  Sympathetic  Sounds, 

A  fympathy  is  obferved  when,  mufical  fttings 
arc  corppared  together  3  and  when,  the  fame  ftring 
is  compared  with  \tfelfj,  the  parts  fympathizc  with 

^hc 
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tnc  whole.  When  one.ftring  is  ftruck^  another 
that  is  near  it,  and  in  concord  with  it,  will  anfwcr 
it  fo  that  the  found  may  be  diftinguiftied  by  the 
car,  though  fomewhat  obfcurcly*  When  it  can- 
not be  heard,  it's  fympathetic  vibrations  may  be 
difcovered  by  laying  fome  light  body  on  it,  which 
will  appear  to  ht  agitated,  fo  as  even  to  fall  away 
from  the  firing :  but  if  the  fanle  firing  makes  a 
difcord  with  it*s  fellow,  no  motion  will  arife  in  it. 
This  efFed  muft  be  fuppofed  to  depend  upon  the 
undulation  of  the  air ;  which  being  according  to, 
or  in  a  certain  meafure,  excite  correfponding  vibnu 
tions  in  ftrihgs  that  accord  with  them,  but  pro- 
duce no  effect  in  thole  that  contradift  them :  as 
the  vibration  of  a  ftring  produces  found  in  the  air, 
fo  found  already  excited,  if  of  a  proper  meafure, 
will  produce  vibrations  in  a  firing. 

There  is  fomething  flill  more  fubtle  than  the 
coincidence  between  two  different  firings  in  con- 
cord. Every  fingle  firing  carries  it's  own  har** 
mony  with  it.  When  a  fingle  firing  is  founded, 
there  are  certain  fecondary  and  fubordinate  vi- 
brations attending  upon  the  primary ;  infomach, 
that  it  19  queflionable  whether  there  is  any  fuch 
thing  as  a  folitary  found  in  nature. 

What  fhare  foever  man.  may  feem  to  have  in 
modifying,  all  that  is  found  in  this  world  to  de- 
light the  fenfes,  is  primarily  the  work  of  God. 
Wine  is  prepared  by  human  labour,  but  it  is  given 
Ijs  in  the  grape  by  the  Creator.  The  prifmatic 
glafs  is  the  work  of  art ;  but  the  glorious  colours 
It  exhibits  to  the  eye  are  from  Hi?n  who  faid. 
Let  there-  he  light.  Man  is  the  contriver  of  mufical 
inflruments,  but  the  principles  exciting  harmony 
are  in  the  elements  of  nature.  The  element  of  / 
air  was  as  certainly  ordained  to  give  us  harmonious 
founds  in  due  meafure,  as  to  give  refpiration  to  the 
lungs :  it  is  (b  conltitutcd  as  to  make  thoufknds  of 

pulfcs 
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Jer  the  voice  cither  Ihriller  or  deeper,  aife 

rivahcb  "ivhlch  almoft  fulrpafles  wonder;  eT- 

y  wheh  we  confider  the  amazing  fubdetjr, 

ice  -adjuftment  of  the  machine  in  it's  ope- 

. ;  that  the  whole  difference  of  extenfion  oir 

action,  within  which  the  entire  extcht  of  thfc 

.n  voice  is  placed^  through  an  alitwft  infinitfc 

-y  of  notes,  lies  within  the  compaft  of  two 

rec  lines,  or  within  the  minute  compafs  df 

:h  or  foUtth  part  of  an  inch.     Thus  you  fpc 

the  works  of  God  furpafs  the  imitation,  ck 

1  comprehenfion  of  human  art ;   wonderfully 

"^e  for  the  communication  of  focial  pleafure  and 

ral  improvement. 

The  fame  may  be  obferved  of  the  ear :   if 
's  were  either  more  or  lefs  fenfiblc,  we  Ihould 
-vef  have  had  any  idea  of  melody  or  harmony  i         ' 
-*r  a  ftring  and   ifs    aliquot    divifions    arc  ai 
h  h  Ath,  &c-  and  the  number  of  vibrationiS  ih 
g?ven  time  a^e  as  the  numbers  i,  2,  3,  4:  con- 
■^quently,  this  feries  of  founds  muft  contain  all 
te  poffible  varieties  of  intervals.     If,  therefore, 
«*ftry  aliquot  divifion  produced  a  fenfible  effed:  by 
tifi  vibration,  we  Ihould  hear  in  every  muficat 
flSHng  an  infinite  variety  of  chords,  diflbnant  and 
ttmfonant,  in  (harp  and  flat  keys  at  the  fame  time* 
^us  would  all  the  charms  of  mefody  be  deftroyed, 
tod  where  many  mufical  firings  were  founding  to- 
gether, this  confufionof  confonance  and  diffonancc 
^  would  be  flill  farther  increafed ;  and  wc  Ihould, 
r  therefore,  have  been  deprived  of  the  perception  of 
harmony. 

You  have  here  then  another  inftancc  of  the 
admirably  (kill  with  which  the  different  parts  in 
nature  have  been  adapted  to  each  other  by  their 
all-perfe<ft  Creator.  In  other  cafes  you  have  found 
him  coftfulting  the  welfare  of  his  creatures ;  in  thi 
prefent  inftancc  yori  muft  infer  that  he  has  nofaF"^ 
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It  is  the  paiticles  of  air  and  other  corpulcles 

doating  in  the  atmofphere^  which  form  that  noble 

and    lovely  blue  canopy  fo  mignificently  arched 

over  our  heads  t  it  is  thefe  which  refled  thofe  in^ 

aumerable  rays  of  liffht,  which  occalion  the  foft 

approaches  to  day  ana  nighty  the  tnorning  dawn 

and    evening  twiligHt :  it  is  thefe  particles  that 

form  that  cnfeebledappearance  which  gives  ydu  the 

idea  of  vilible  diftance  ;  the  objeds  that  are  ftear, 

glowing  in  lively  colours,  while  thofe  at  a  diftancd 

arc  circumfufed  in  a  blue  mift,  t6o  faint  to  be 

called  a  cloud ;  but  receding  ftill  further  from  you, 

they  wholly  difappear,  and  unk  in  the  circumfluent 

ocean  of  air :  it  is  here  that  the  clouds,  pendcni 

lakes    of  water,   are   fuftained,  and   float.     The 

yielding   atoms   glide  from  you    in  the  paflive 

air  while  it  is  ftill ;  yet,  if  the  ftorm  blows,  and 

the  air  in  full  tide  rulhes  one  way,  it  bears  down 

houfes  and  large  forefts ;  it  fweeps  the  vaft  fea?  into 

mountains.     However  infenfible  the  oppofition  of 

every  fingle  particle  may  be,  and  however  if  refifti- 

ble  the  motion  and  force  of  a  cannon  ball  that  laysJ 

in  duft  the  firmeft  caftles  and  fortrefles,  yet  is  it's 

force  in  a  few  moments  overcome  and  deadened 

by  the  numberlefs  and  fucceflive  oppofition  of  the 

particles  of  the  yielding  air. 

In  the  courfe  of  your  philofophical  purfuits, 
many  arguments  will  occur,  both  from  nature  and 
experiment,  which  feem  to  prove  that  the  element 
which  furitounds  us  is  not  merely  a  mixture  of  air 
and  fire,  but  one  thing  in  kind,  confifting  of  parts 
diflfering  in  degrees  of  fubtlety,  from  the  groflcft 
to  the  moft  refined  air ;  with  a  gradation  fo  infen- 
fible, that  we  fhall  never  be  able  to  fay  where  air 
ends  and  fire  begins :  as  the  tight  of  the  rainbow 
grows  fo  dilute  by  degrees,  that  no  line  can  be 
arawn  between  it's  edge  and  the  uncoloured  Iky. 
Yet,  from  the  groffeft  air  to  the  ;noft  intenfc  nre, 
Voi.,1.  a  the 
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the  progrcflion  is  fo  remote,  that  philofophers  have 
conneded  air  and  fire  by  the  mediation  of  whit 
they  call  a  Jubtil  matter,  partaking  of  the  nature 
pr  both. 

Experiment  and  reafon  feem  further  to  prove 
that  light  is  the  mediating  (ubftance  between  fire 
and  air ;  it's  two  extremes  are  red  and  blue ;  one 
the  colour  of  fire,  the  other  of  the  air.  The  red 
rays  are  either  fire,  or  would  be  fuch  under  certain 
circumftanccs :  while  the  Ihades  of  bkie  vanifli 
into  air,  or  would  be  fo  if  we  could  purfue  them 
far  enough  5  but  when  they  ceafe  to  be  coloured, 
they  ceaie  to  be  vifible.* 

That  air  and  fire  are  different  conditions  of 
the  fanfie  elementary  matter  of  the  heavens,  is  fa 
far  from  being  a  new  opinion,  that  it  is  a  dodtrinc 
of  great  antiquity.  If  air  refolvcs  itfelf  into  fire, 
and  fire  by  it*5  turn  reverts  to  air,  it  feems  nothing 
more  than  what  is  commonly  obferved  in  water, 
which  affumesthe  folidity  of  ice,. and  coalefces  into 
the  fleecy  form  of  fnow,  or  becomes  rare  and  im- 
palpable in  vapour:  under  all  thefc  conditions,  it 
is  nothing  but  the  one  fimple  fubftance  of  water, 
to  which  it  returns  fooner  or  later*  When  you  affirm 
that  a  fnow-ball  and  the  water  in  a  cauldron  are  of 
the  fame  fubftance>  who  can  deny  it?  A  child 
who  fhould  feel  both,  would  not  readily  under- 
ftand  how  this  could  be ;  and  yet  are  we  not  all 
children  in  philofophy  ?  Various  fimilar  inftanccs 
may  be  pointed  out>  all  tending  to  illuftrate  thefc 
notions. 

But  if  the  conftitution  of  the  air  be  agreeable 
to  this  analogy,  we  mull  confider  the  matter  of  the 
heavirns  as  one  vaft  fluid,  whofe  parts  differ  in 
magnitude;  fo  that  fome  will  be  flopped  by  the 
furfaccs  of  bodies,  while  others  more  fubtil  pafs 

freely 

^  Jones's  PhyGological  Difi^ui futons* 
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"  through  their  pores:    thus   fpmc  will  be 

within^  others  withbut  bodies;  fpme  Will 

others  wifl  cool  them ;  fome  will  conjprcfs, 

will  divide;  and   thuis  carry  qi'tbt.twb 

nd  univerfal  effpas  of  confohdation  and  dif- 

"^    an^  generation  and'  cofrurition.*       .   '  ^  '  •' 

— nlir^dy  I  have  obferved  to  you  ^Ijow  nmch 

-1-    ftuiiies  tend  to  cherifli  and  invigorate  a  tkftc 

u?  beauty  and  lovelinejTs^  a  defire  to  d^ell  on 

»  equity^zxA goodnefi :  by  contemplating  thefe 

-ts,  you  will  be  infpired  with  an  adniiratlidn 

-  •love  of  them ;    admiration  and  love  beget 

alipn  firft,  and  then  fimilitude.     I  have  alfo 

.  ifirt^  to  ypu'^that  every  efFed:  in  the  creation  6f 

rprld,  or  the  government  of  it,  Ihews  the  coii- 

i«te  wifdom  of  it's  Creator  and  Governor. 

wifdom^  indeed,  is  feldom  feeii' but  bythofe 

'philofbphize,  and  are  curious  to  fcarch  and 

ntp  tbe  wondrous  frame  of  every  piece  pf 

ic  yopr^mdnjhip ;  zxi^  into  the  kcr tt  fprlngs, 

r-^very  con^plicated  movement  of  ,thc  iDivine' 

yiUtrattpn. 

^Thc  ivtfdDm  fliewn  in  any  work,  operation,  or 
Jh,  >ybateyer  it  niay  be,  is  divifible  in^:o  two 
|2^:  one  refp^^ing  the  end  or  Jejign,  the  other 
^eftiiig  the  means  by  which  the  end  or  defign 
j^gcomplifhed.      Every  end  is  wife  in*  Whith 
icconfiderablegood  is  intended  to  be  produced ; 
f  .that  is  the  wiftfl;  end  iii  which  the  moft  smd 
ipatefl   gpod   is   intended:   all   means  are  wife 
l^ich  have  a  tendency  to  produce  their  end ;  and 
4p61c,.arc  thewifeft  mpans  wl^i^Ji/aTe  xht  portCj 
-Jj/^  fimplejl,  and  at  the  fame  tin^^^hje  moft  effica 
^f^uswA  certain.  •     /S  .     ^'^ 

Mow,  in  that  ftupendous  wbrk^^the  fabric  o 
the  great  world,  pr  the  cx^eriial  univerfe  of  thir\^fl 

'~yoi 

*  Jones's  PKyfioIojncal.pif(|uifit]Onf* 

•  oi' 
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you  will  find  ^vcty  reauifite  to  prove  ibat  vrijiom 
the  moft^  P^ff^  was  tnc  Creator  of  it :  for  if  the 
world,  jn,  wmch  we  livc^  this  terraqueous  globe, 
with  it's  furrounding  atmofpherc,  and  as  much  as 
we  can  fee  above  it,  be  taken  for  a  fpecimen  of 
the  whole,  it  will  appear  to  you,  on  an  accurate 
.  furvey,  that  the  end  intended  to  be  produced  by 
.  the  ^(^eatton^  was  the  moft  good  poflible  \  gpod  to 
every  being  fo  formed  as  to  be  capable  of  enjoy- 
ment ;  and  to  the  nobleft  of  thefe  created  beings 
-  as  much  and  as  great  good  as  it  is  pollibie  for  crea- 
,  tures  to  enjoy :    the    proof  of  this  has   already 
.(commenced,  and  will  be  continued  through  the 
coiirfe  of  this  work.     It  is  beyond  human  power 
to  conceive  a  better  contrivance  for  z'^od  than  the 
mr  that  furrounds  our  earth :  it  is  this  that  makes 
I  way  for  the  tranfmiflion  of  light,  without  which 
the  faculty  of  feeing  in  all  animals,  would  have 
been  ufelefs.     It  is  this  that  provides  for  the  eafe 
'  and  freedom  of  motion  upon  earth,  without  which 
life  itfelf  had  been  beftowed  to  little  purpofe.    It 
is  this  which  communicates  found,  without  which 
we  could  not  have  conveyed  our  thoughts  to  one 
another  by  the  help  of  fpeech  \  not  to  fpeak  of 
the  pleafure  which  refults  from  the  hamiony  of 
differe^it  founds.     It  is  this  that  ^ives  rife  to  the 
w/W,  which  mixes  and  tempers  the  exhalations  in- 
terfperfed  in  the  atmofphere,  correds  the  heat  in 
the  hotter  climates,  ami  carries  the  clouds  from 
place  to  place,  to  dlftil  the  needful  rain ;  which^ 
defcending  in  prolific  (howers  and  dews,  makei 
the  fmiling  earth  teem  with  plenty  and  beauty. 

It  is  tliis  that  is  the  breath  of  life  in  all  fub« 

lunary  creatures :  it  is  owins  to  this  that  fo  many 

qlafTes  of  creatures  are  able  to  wing  their  way 

^  through  the  aerial  regions.     The  more  you  reflcd 

"  upon  every  circumftance,  the  more  you  will  b< 

convinced,  that  our  benevolent  Lord  and  God  couk 

not 
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not  have  better  adapted  this  part  of  inanimate  na- 
ture for  the  diffufion  of  good.    - 

Air  is  a  general  agents  not  only  exerting  it's 
own,  but  calling  forth  the  qualities  or  powers  of 
all  bodies  2  nothing  ferments,  vegetates,  or  putre- 
fies without  air,  which  operates  with  all  the  vir- 
tues of  the  bodies  included  in  it ;  that  is,  of  all  - 
nature ;  there  being  no  drug  faluury  or  poifonous 
whofe  virtues  are  not  breathed  into  the  air. 

I  Ihould  here  like  to  give  you  the  opinions  of 
the  antients  on  the  fubjett  of  air :  the  difcuflion 
would  be  intereftinj^  and  inftrufiive;  but,  as  it 
would  lead  us  too  lar,  I  muft  confine  myfelf  to 
thofe  of  Hippocrates:  a  man  almoft  deified  for 
his  knoivledge  by  thofe  of  his  own  time.     He  had 
enriched  his  mind  from  the  experience  of  earlier 
times,  and  a  diligent  (hidy  of  nature  :  '*  The  ele- 
ment of  air  has,*'  fays  he,  **  dominion  over  the 
human  body,  and  is  the  principal  fource  of  all 
things  that  happen  to  it,  whether  good  or  bad. 
It's  power  and  influence  deferve  well  to  be  exa- 
mined ;  for  wind  is  no  other  than  a  current  of  air 
rolling  along  in  impetuous  waves,  which  are  fo 
violent  as  to  tear  up  trees  by  the  roots,  raife  the 
waters  of  the  ocean  into  a  ftorm,  and  overwhelm 
and  fink  the  largeft  vefl!els  to  the  bottom  of  the 
deep.     Such,  and  fo  great  is  the  power  it  exercifes, 
though  at  the  fame  time  it  is  not  an  ohjtGt  of  our 
fenfes,  but  manifeft  only  to  our  reafon.     What 
are  the  eflfedts  to  which  air  is  not  neceflary  ?  or  in 
what  place  is  it  not  prefent?  All  the  fpace  between 
the  heaven  and  earth  is  filled  with  it.     It  is  the 
caufe  both  of  winter  and  fummer :  in  the  winter 
it  is  condenfed  and  cold;  in  the  fummer  it  is 
mild  and  fercne.     The  fun,  moon,  and  ftars  are 
direfted  by  it  in  their  courfes ;  for  air  is  the  ali- 
ment of  fire,  and  fire  that  is  deprived  of  it  be- 
comes cxtin^  I  fo  that  the  fun  itfelf  has  a  per-^ 
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petual  motion,  by  means  of  a  pure  and  perennial 
air.  The  fea  itfelf  is  impregnated  with  this  elc 
ment,  becaufc  the  inhabitants  of  the  water  cannot 
fubfift  without  it :  in  a  word,  it  fuftains  the  moon 
in  it's  orbit,  ferves  as  a  vehicle  to  the  earth,  and 
no  place  is  void  thereof." 

Hato,  the  greateft  aiid  mpft  amiable  of  the 
Greek  philofophers,  accounts  for  the  animal  func- 
tions from  an  intertexture  of  air  and  fire  ading 
thi^pnghout  the  whole  frame  of  the  body.  To 
jiff  \yt  afcribes  the  office  of  expanding  within,  and 
aftii^  t^irough  the  body  outwards  ;  while  the  ele- 
ment of  air  comprefles  from  without^  and  coun- 
tcrafts  the  force  of  the  internal  fire. 
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AS  it  is  one  end  of  thefe  I-e<Shires  to  open 
and  improve  your,  underftanding — to  invi- 
gorate and  expand  the  faculties  of  your  mind-— 
to  exhibit  a  clear  view  of  the  beauties  of  creation— 
the  properties  of  matter — -the  laws  of  motion—- 
the  powers  and  immortality  of  man — the  ultinute 
intention  of  God  in  the  production  and  prefer- 
vation  of  the  univerfe;  it  will  be  proper  to  lay 
before  you,  from  time  to  time^  the  nicer  difcrimi^- 
natioris  of  truth  and  falfehood,  which  cannot  be 
better  effedted  than  by  collating  the  fentiments  of 
the  wifeft  and  moft  experienced  among  mankind, 
and  laying  them  before  you. 

Though  Truth  does  not  appear  in  the  other 
departments  of  learning  with  that  bold  and  irre- 
fiftible  convidlion  with  which  it  prefides  in  ma- 
thematical fcience,  it  fhines  through  them  all,  if 
not  interrupted  by  prejudice,  or  perverted  by 
error,  with  a  clear  and  ufeful^  though  inferior 
ftrcngth :  and  as  it  is  not  necelTary  for  his  general 
fafety  or  convenience  that  the  traveller  Ihould 
always  enjoy  the  heat  and  fplendor  of  a  mid'-day 
fun,  whilft  he  can  purfue  his  journey  with  more 
pleafure  and  accommodation  under  the  weaker  in- 
fluence of  the  morning  or  eVening  ray,  fo  it  is  not 
requifitc  for  the  various  concerns  and  purpofcs  of 
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lifc^  tbat  men  ftiould  be  led  by  truth  of  the  iiioft 
redundant  brightnefs.* 

On  the  contrary,  it  is  in  every  view  more  ufe- 
ful  and  expedient  for  us,  fituated  and  ciircum* 
ftance4  ^s  we  are,  that  Providence  Ixas  left  us 
in  the  confines  of  mijch  d^rkqefs,  to  ad:  and 
move  under  the  fhadf s  of  w^ak,  but  fufficient;  evi- 
dence :  fuch  is  the  evidence  we  are  obliged  to  rc-» 
fort  to  in  natural  philofophy. 

To  know  the  inherent  powers  and  properties, 
qualities,  attributes,'  motions,  operations^  caufes, 
and  effedls  of  thofe  bodies  with  which  we  are  by 
nature  every  where  furrounfled ;  which  ai-e  pe^- 
tually  foliciting  the  external  fenfes,  and  with  whofe 
iifes  we  are  immediately  concerned ;  conftitute  the 
various  and  extenfivQ  field  of  Physics  or  Natu-, 
RAL  Philosophy. 

Of  Physical  Principles. 

The  evidence  of  the  external  Jenfes  is  obvi- 
pufly  the  primary  principle  from  which  all  phyfi- 
cai  knowledge  is  derived. 

i3ut  whereas  nature  begins  with  caufes^  which 
after  a  variety  of  changes  produce  effellSy  the 
fenfes  open  upon  the  effe£fSy  and  from  them, 
through  the  flow  and  painful  road  of  experiment 
and  obfervation,  afcend  to  caufes. 

Man  appears  upon  the  ftage  of  this  material 
fyftcm  as  upon  a  vifionary  theatre,  in  which  he 
looks  only  upon  tjie  exterior  of  things,  a.s  the  eye 
ujx)n  a  flower  that  is  full  blown ;  or  upon  an  infeft 
in  all  the  pride  and  beauty  of  it's  colours,  without 
obferving  immediately  the  different  Jiages  through 
which  they  have  paflcd,  the  different  forms  they 
have  afliimed,  the  different  changes  they  have  un- 
dergone; 

t  Ta^hw'**  S.cailc  and  Chart  of  Truth,  voL  i.  p.  184,  Ac  a 
work  which  I  moft  carnciUy  recommend  tp  tbc  pcrufal  of  all 
^hiiolopherf.  . 
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dcfgone;  and  without  defcending  to  xht  feeds  and 
principles  from  which  they  fpring,  and  which, 
upon  examination,  will  be  found  totally  different 
both  in  form  and  colour.  In  like  manner  are  the 
ftnfes,  the  ultimate  criteria  of  all  phylical  know-* 
ledge,  liable  to  be  impofed  upon  and  deceived  in 
regard  to  the  qualities  and  caufes,  the  powers  and 
operations  of  physical  bodies. 

The/^/i/5rj'are  therefore  to  be  aflifted  by  ob/er^ 
vations  taken  with  diligence  and  circumfpeiSlion ; 
and  to  be  undeceived  by  different  analyfes,  which  . 
diveft  nature  of  her  external  and  compounded 
fonrij  and  lay  open  her  internal  mechanifm  and 
conftrucSion :  their  errors  and  mifconceptions  arc 
to  be  redlified  by  the  ufe  of  experiments  of  dif- 
ferent kinds^  which  penetrate  her  inmoft  recelTcs, 
and  defcend  to  her  rcmoteft  caufes.  By  the  ap- 
plication of  fuch  afliflance  they  are  enabled,  but 
not  without  difficulty,  to  leave  behind  t\it  fallacious^ 
to  pafs  from  <nie  appearance  to  another ,  and,  as  far 
as  human  fearch  can  go^  to  judge  of  the  realities  of 
things. 

The  information  which  the  fenfes  give  us,  as 
Lord  Bacon^  the  great  friend  and  father  of  philo- 
fophers,  has  obferved,  is  to  be  examined  and  cor- 
refted  by  various  methods ;  for  though  they  de- 
ceive us  on  all  occafions,  they  themfelves  difcover 
the  errors  into  which  they  lead ;  but,  whereas  the 
errors  lie  ihunediately  before  us,  the  indications  of 
them  are  to  be  fought  at  a  great  diflance. 

The  fenfes  are  fubjeS  to  a  two-fold  defeft ; 
they  either  defert,  or  elfe  decei*ve  us.  Many  fub- 
jciSts  elude  their  cognizance,  however  well  they 
may  be  difpofed  and  free  from  impediment ;  either 
from  the  tenacity  of  the  whole  objeft,  or  the  ex- 
treme minutenefs  of  it's  parts ;  from  the  diflance 
of  it's  fituation,  the  flownefs  or  velocity  of  it's 
motion,  it's  familiarity  to  the  eye,  and  fron\  many 
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other  caufes.  And  again^  where  they  fully  ap- 
prehend their  objedt,  they  are  not  to  be  fecurely 
relied  upon ;  for  the  teftimony  and  information  of 
the  fenfes  depend  on  the  analogy  and  conftitution 
of  man,  and  not  on  thofe  of  the  univerfe ;  fo  that 
to  fay  thatjenje  is  the  adequate  meajure  or  competent 
judge  of  things^  is  an  affertion  founded  in  miftake. 

To  obviate  the  imperfeftions  of  fenfe,  philo- 
fophers  are  under  the  neceflity,  by  much  labour 
and  attention,  of  calling  in  aid  from  every  quar- 
ter, in  order  to  fupply  the  deficiencies,  where  the 
fenfes  fail  us ;  and  alfo  to  regulate  and  reftify 
them  where  they  vary  in  themfelves.  This  is  ef- 
fcfted  not  fo  much  by  the  ufe  of  inftruments  as 
by  the  help  of  experiments ;  for  experiments  are 
more  penetrating  and  fubtil  than  the  fenfes,  even 
when  aflifted  by  inftrumenfs  of  the  moft  cxquifite 
contrivance.  I  mean,"  fays  Lord  Bacon,  for  he 
is  ftill  fpcaking  to  you,  "  fuch  experiments  as  arc 
ingenioufly  invented,  and  applied  with  (kill  and 
addrefs,  to  the  elucidation  of  every  thing  which 
is  the  fubjedt  of  inquiry. 

Philofophers  do  not  therefore  rely  upon  the 

perception  of  the  fenfes,  immediately  applied  as 

in  their  proper  and  common  exercife,  but  bring 

►U-.  w.-...^gj.  ^f-  judging  to  this   iffue :  That  the 

Ige  of  experiments,  and  experiments  of 

hus  experiments  are  ia  fact  as  the  reli- 

irdians  of  the  fenfes,  from  which  every 

found  philofophy  is  originally  derived, 

fkilful  interpreter  of  their  oracles;  fo 

ft  others  only  pretend,  true  philofophers 

cultivate  and  fupport  the  evidence  of 

ay,  therefore,  be  laid  down  as  a  maxim, 

o  phyfical  cjje^l  is  really  explained  or  un- 

unlcfs  it  be  deduced  from  a  phyfical 

c  exiftcncc  and  operation  of  which  can 
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|)c  experimentally  ckmonfttated/*  Men  have  no 
right  to  afTume  the  chara<fler  of  lawgivers  to  the 
A^orks  of  God,  but  muft  be  content  to  borrow 
from  them  all  the  laws  of  philofophy. 

I  fliall  hereafter  endeavour  to  explain  to  yiou 
the  nature  of  phyfical  reafoning,  and  (hew  jrou  how 
the  philofopher  is  conduced  by  a  flow,  but  fteady 
pace,  in  the  rational  inveftigation  of  the  general 
c^ufes  of  phyfical  truth :  my  prefcnt  buflnefs  will 
be  to  treat  of  the  wonderful  element  of  Fire;  aa 
agent  concerned  in  almoft  every  operation  in  life, 
and  every  phenomenon  in  nature ;  and  you  may 
boldly  aflert,  that  that  fyftem  of  natural  philofo* 
phy  which  does  not  confider  the  agency  of  fire 
in  it's  explanation  of  phenomena^  is  not  foundfl# 
on  truth. 

Of  Fire. 

Fire  is  an  agent  of  fuch  importance  toward 
the  government  of  the  natural  world,  and  of  fuch 
ufe  in  all  the  concerns  of  life,  that  it  has  alwayi 
attrailed  the  notice  of  mankind,  and  driven  them 
into  various  fpeculations.  We  find,  accordingly, 
that  the  ancient  heathens  not  only  admitted  it  into 
their  philofophy,  filling  the  univerfe  with  it's  fub- 
ftance,  and  deducing  therefrom  all  the  greateft 
cffefts  in  nature ;  but  they  were  fo  ftruck  with  it's 
power  and  ufe  in  the  world,  that  they  paid  to  fire 
divine  honours. 

Notwithftanding  it's  celebrity  among  the  an- 
cients, and  the  univcrfality  of  it's  agency  in  na* 
ture,  very  dijfferent  opinions  have  been  held  by 
the  moderns  concerning  it ;  fome  contending  it 
it  was  incorporeal ;  others  difputing  whether 
fire  in  itfclf  is  truly  a  being  like  water,  air,  and 
earth,  or  an  *  adventitious  and  acceflbry  pro* 
perty  refulting  from  the  intcftinc  motion  of  the 
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infenfible  particles  of  matter ;  it  will  be  neccf- 
fiuy,  therefore,  to  prove  to  you  the  materiality  and 
Tttdity  of  fire  as  a  diftinc^  being* 

The  far  greater  part  of  thofe  who  have  con- 
iideised  the  fumed,  believe  fire  to  be  a  fubtii,  ac- 
tive, am)  elaltic  fluid,  univerfally  diffeminated 
thrmigh  the  univcrfe,  penetrating  all  bodies  with 
more  or  lefs  facility ;  having  a  conftant  tendency 
to  diffufe  itfelf  uniformly,  fo  as  to  mainuin  an 
equilibrium ;  dilating  the  feveral  fubftances  it  pe- 
netrates, and  making  them  aflOume  theftate  of  flui- 
dity, and  afterwaros  that  of  vapour,  Whenever 
you  perceive  a  numier  of  qualities  always  exifting 
foge/ber,  you  are  warranted  to  conclude  that  there  is 
sine  Jubfiance  which  produces  thofe  qualities. 

Fire  a  real  and  material  Substance, 
Fire  c^n  drive  out  other  matter  from  any 
given  fpacc  5  and  certainly  that  which  can  expel 
pther  bodies,  and  take  the  place  of  them,  muft 
itfelf  be  body.  If  the  ball  of  a  thermometrical 
tube  be  filled  with  air,  fpirits,  or  mercury,  fire 
applied  underneath  will  expel  them  all  in  their 
tums^  which  it  cannot  do  but  in  virtue  of  it's 
own  proper  extenfion  5  and  if  it  be  extended,  it  is 
a  booily  fubflance. 

Whatever  occupies  fpace,  and  refifts  the 
louch,  we  have  a  right  to  call  a  material  fub-. 
ftance,  whether  we  cznfee  it,  and  weigh  it,  or  not ; 
thus  air,  which  is  invtfible,  and  not  very  eafily  />(?»- 
derablcy  is  yniverfally  allowed  to  be  ^fubjl^nce^  and 
not  a  quality. 

Light  is  an  emanation  of  fire ;  the  decompo- 
fition  of  the  rays  of  light  proves  their  materiality : 
what  is  light  on  the  furface  of  a  burning-glafs,  is 
fire  at  it's  focus ;  whatever,  therefore,  proves  thq 
materiality  of  light  is  applicable  to  fire. 

•  ^  AfluH, 
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A  fluid,  fubjcft  to  the  like  laws  with  the 
claftic  air,  muft  be  as  material  as  the  air  is.  Fire, 
in  common  with  air,  is  fubjedl  to  be  confined  by 
an  incumbent  preflure,  and  releafed  when  that 
preiTure  is  withdrawn.  Fire  would .  make  water 
boil  much  fooner  if  it  were  not  rcfifted  by  the 
prelTure  of  the  atmofphere  on  it's  furface ;  and 
therefore  it  boils,  as  you  have  feen,  with  a  very  loir 
degree  of  heat  in  the  vacuum  of  an  air-pump. 

Fire  evaporates  alfo  from  an  heated  liqudr 
more  Jlow/y^  when  tounteraSed  by  the  prefliire  of 
the  air  :  thus,  if  two  equal  velTels  of  water  equally 
heated  be  fet  to  cool,  one  under  the  exhaufted  re- 
ceiver of  an  air-pump,  the  other  in  the  open  air, 
the  water  under  the  receiver  will  cool  fooneft: 
thus  proving  that  fire  is  confined  by  an  incumbent 
preflure,  and  that  it  evaporates  with  greater  free- 
dom where  there  is  lefs  refiftance. 

Proofs  multiply  on  proofs  to  Ihcw  that  fire  is 
a  material  fubfl:ance ;  for,  like  any  adlual  fubflan- 
tial  fluid,  it  may  be  transferred  with  different  cir- 
cumfl^ances,  from  one  parcel  of  matter  to  another. 
If  you  add  any  quantity  of  hot  water  to  the  {zm: 
quantity  of  quickfilver,  of  the  fame  temperature 
with  the  atmofphere,  the  water  will  -communicate 
about  twice  as  much  heat  to  the  quicklilver,  as  the 
quickfilver  of  the  fame  heat  would  give  to  water 
as  cool  as  the  quickfilver  in  the  firfl:  inftance. 
This  fliews  that  fire  is  not  the  produdion  of  mo- 
tion in  the  folid  parts  of  matter ;  becaufc  in  that 
cafe  the  heavier  particles  of  quickfilver  would 
communicate  more  motion  to  the  parts  of  water, 
than  the  parts  of  water,  which  are  fo  much  lighter, 
and  have  confequently  lefs  momentum,  could  com- 
municate to  the  quickfilver;  whereas  the  effecil 
of  the  heated  water  on  mercury  is  twice  as  great 
as  the  effeft  of  the  heated  quickfilver  on  the 
water.     This  neceflarily  implies  a  transfufton  of 
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•fame  matter  or  element  from  one  of  the  bodies  into 
the  other;  and  is  inexplicable,  upon  the  fuppo- 
lition  that  the  particles  are  expanded  by  an  innate 
repullion,  or  any  unjubftantial  quality;  for  how  can 
quality  be  poured  out  like  a  liquor  from  one  veflel 
Co  another  ?  or  move  like  a  river  with  different  de- 
grees of  force,  through  channels  of  different 
breadths,  as.  is- plainly  here  the  cafe  with  fire  ?* 

Put  a  piece  of  iron  or  copper  into  a  glafs 
veflel  zonxzSxiWi^  aqua  for  lis  :  if  it  works  tolerably 
well,  place  the  phial  under  a  receiver,  and  exhauft 
the  air ;  it  will  then  work  with  more  violence ; 
fo  much  fo,  that  if  the  air  were  exhaufted  to  an 
high, degree,  it  might  poflibly  take  fire  and  ex- 
plode, while  it  is  boiling  with  vehemence,  drop 
it  into  a  veflel  of  cold  water  (previoufly  placed  on 
the  plate  of  4:he  pump,)  which  will  very  foon  fo 
check  the  operation,  that  the  aquafortis  will  not 
work  with  the  fame  violence  fo  long  as  it  is  fur- 
rounded  by  the  water.  That  the  agent  in  this  cafe 
is  fire,  appears  very  plainly,  and  that  the  motion 
does  not  make  the  beat^  but  that  the  fire  and  beat 
pccajion  the  motion;  becaufe  when  the  air,  the  na- 
tural antagonift:  of  fire,  is  removed,  the  fire  ads 
more  freely.  That  the  water  applied  externally 
fhould  check  the  fire,  is  very  natural,  if  it  be  con-- 
fidered  as  a  fluid ;  but  no  reafon  can  be  given  why 
it  ftiould  check  the  operation,  upon  any  other 
le. 

)thing  can  be  more  ftrange  than  to  imagine 
can  impart  a  property  which  it  has  not  in 
what  kind  of  connedion  is  there  between 
rs  of  burning,  and  motion  of  any  fort  ?  or 
1  motion  account  for  any  thing  but  motion  ? 
t  all  kinds  if  you  pleafe ;  let  them  begin 
»u  will,"  and  take  as  many  difi'erent  direc- 
tions 

is's  EfTay  on  the  Principles  of  Natural  Philofophy, 
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tions  in  all  their  different  particles — will  this  con^r 
vey  to  your  mind  the  idea  of  heat,  light,  or  fire  P 
Had  you  never  felt  the  cffefts  of  fire,  though  you 
had  fecn  the  inteftine  -motions  of  all  the  particles 
of  the  globe,  do  you  conceive  thefc  motions  would 
have  given  you  the  idea  of  heat  or  light  ? 

Motion  may  difengage  Are  from  bodies,  or 
it  may  give  it  a  particular  dircdion,  in  which  ir 
may  have  a  more  fenfibje  effedl ;  but  motiotn  docf 
not  create  fire.  Motion  may  render  things  feo-i._ 
jibk,  which  it  does  not  create  or  caufe;  and  it 
may  difpofe  them  to  ad  fi>  as  they  would  not  have 
aded  while  at  reft.  We  dq  not  perceive  the  ex- 
iftence  of  air  when  there  is  a  perfect  calm ;  but 
when  the  air  is  put  in  motion,  we  perceive  it :  the 
motion  does  in  this  cafe  all  that  the  motion  doe« 
in  the  other  ;  it  does  not  create  what  we  perceive, 
though  it  renders  it  fenfible.  There  was  fire  in 
tlie  wood,  and  there  was  air  in  the  field,  thougb 
we  did  not  perceive  either  while  at  reft :  the  rub- 
bing two  pieces  of  wood  does  not  create. fire,  anf 
more  than  the  blowing  of  the  wind  creates. air; 
motion  only  renders  both  perceptible;  they  both 
cxifted,  although  unfeen  and  imperceptible  jto  out 
fenfes. 

Among  the  inconceivable  and  incredible  myf- 
teries  that  philofbphy  propounds,  we  may  confidcr 
that  which  intimates  the  poffibility  of  fire  beii^ 
nothing  elfc  but  an  intenfe  vibratory  motion  of  the 
particles  of  an  heated  or  ignited  body.  In  the 
hotteft  bodies  we  cannot  be  made  fenfible  of  vi* 
brationcxifting  among  their  particles,  while  cer^ 
tain  founds  will  caufe  the  nioft  folid  fubftances  t^ 
vibrate  perceptibly^  without  producing  any  heat. 

1  hat  fire  cannot  be  caufed  by  any  mechanical 
motion  we  can  imprefs,  is  evident;  becaufe  on 
mechanical  principles  the  effed  muft  always  be 
proportionable  to  it's  caufe :  in  the  cafe  of  fire 
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the  efFed:  very  far  exceeds  the  caufe,  fuppofing  the 
latter  to  be  only  a  mechanical  percuffion,  as  in  the 
cafe  of  hammering  iron  till  it  be  red-hot.     We 
allow  that  by  a  few  flrokes  of  an  hammer  the  iron 
will  be  put  into  motion^and  heat  will  be  produced  i 
but  if  you  direft  this  motion  of  thefe  particles 
upon  another  body  whofe  parts  are  at  reft,  thefe 
will  refift  the  communication  from  the  former,  in 
proportion  to  their  vis  inertia,  and  the  cohefion 
of  their  parts.     No  rcafoning  upon  mechanical 
principles  can  Ihew  why  motion  Ihould  increafc 
and  multiply  itfelf  without  end,  as  we  fee  fire  do  : 
belides,  motion  and  vibration  are  effeSs,  for  matter 
will  not  begin  to  move  itfelf:  and  further,  thofe 
that  have  adopted  th^  hypothefis  of  motion,  have 
never  proved  the  motion  for  which  they  contended: 
if  granted,  the  phenomena  could  not  be  explained 
by  it.    If  heat  depended  on  motion,  it  would  im- 
mediately pafs  through  an  elaftic  body;   but  it 
pafTes  through  them  flow,  like  a  fluid:  if  it  de- 
pended on  vibration,  it  ought  to  be  communicated 
from  a  given  vibration,  in  proportion  to  the  quan- 
tity of  matter;  but  this  is  contrary  to  faiSts. — 
When  we  fee  a  fmall  fpark  gradually  fet  a  large 
city  in  a  blaze,  it  is  impoflible  to  fuppofe  that  there 
is  no  more  motion  in  all  the  parts  of  the  city  thus 
on  fire  together,  than  there  was  in  the  firft  little 
fpark  that  began  the  fire  j  or  that  there  is  no  more 
power  or  force  in  this  fire,  than  in  the  fcarce  dif- 
tinguifhable  fpark  by  which  it  began.     Further, 
the  laws  of  the  communication  of  fire  are  not  ana- 
is  to  the  laws  of  motion ;  and  nothing  is  lefs 
^^n,  or  more  difficult  to  be  known,  than  the 
reffion  and  communication  of  fire  in  fyftems 
odies  of  unequal  temperature. 
In  whatever  way  you  examine  nature,  whether 
)egin  with  it  as  it  ftands  to  the  rcafon,  and  then 
le  it  by  the  imagination  into  all  ifs  various 
2  modifi- 
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H\odificatioD8 ;  or  whether  you  b^in  with  the 
moft  general  properties  as  they  appear  to  the  fenie^^ 
and  then  compound  them  into  all  the  variety  of 
nature,  ftill  you  will  find  that  fire  has  xhe  fame 
preteniions  to  reality  with  air,  earth,  and  water. 

How  came  it  then  that  motion  was  ever  afi- 
£gned  a^  the  caufe  of  fire  ?  It  feems  to  have  arifen 
from  our  being  apt  to  confider  what  we  fec^  imme- 
diately precede  any  thing,  as  the  caufe  thertof : 
hence,,  perhaps.  Bacon/  Defcartes,  and  Newton, 
having  obferved  that  heat  followed  the  fridion  of 
two  dried  bodies  rubbed  together;   that  a  cord 
caught  firo  by  being  rubbed  againft  hard  fub^ 
ftanccs ;  and  that  a  piece  of  iron  might  be  beaten 
red-hot ;  were  inclined  to  imagine  that  this  motion 
was  the  caufe  which  generated  the  heat ;  though 
a  peribn  who  had  never  feen  thofc  experiments, 
but  who  had  obferved  that  motion  of  fome  kind  or 
other  had  been  always  produced  in  all  matter  upon 
the  application  of  fire,  would  certainly  have  con- 
cluded the  contrary-^that  motion  was  caufed  by 
fire :  and  when  he  found  that  heat  is  very  often  by 
no  means  the  refult  of  motion,  but  produces  cold, 
he  could  not  but  infer  the  reality  of  the  exiftencc 
of  fire  •  which  never  fails  to  produce  motion,  in 
oppofition  to  Aiotion  being  the  caufe  of  fire,  which 
h  at  belt  but  a  partial  caufe. 

That  fpecies  of  falfe  reafoning  which  pro* 
cecds  from  a  few  particulars  to  a  general  conclu- 
fion,  fteals  into  the  mind  fo  imperceptibly,  that 
men  can  hardly  be  too  much  on  their  guard  againft 
it.  Confidered  in  it's  own  nature,  nothing  can  be 
more  obvious  than  that  a  propofition,  which  may 
be  true  in  a  particular  inftance^  may  not  bo  fo  in- 
variably; and  that,  therefore,  two  fuch  propo- 
fitians  fliould  never  be  confounded  together  as  if  . 
they  were  fyijonymous :  had  this  been  fufficiently 
Vol.  I.  ,       P  attended 
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attended  to,  motion  would  never  have  been  confi- 
dered  as  the  origin  of  fire.     , 

The  difficulty  that  has  fo  long  attended  the 
acknowledging  the  reality  and  elementary  exift- 
ence  of  fire,  has  alfo  arifen  from  the  implicit  cre- 
dit we  are  apt  to  give  to  the  opinions  of  very  great 
men.  A  man  of  fuperior  genius,  who  has  diftin- 
guifhed  himfelf  by  new  difcoveries,  more  exten- 
five  reafoning,  or  more  accurately  invcftigating 
truth,  naturally  gains  an  afcendancy  over  the 
minds  of  others,  which  fpreads  a  fandion  on 
his  miftakes:  it  becomes  a  kind  of  facrilege  to 
examine  even  his  conjed:ures;  and  time  only, 
which  leffens  all  other  reverence,  muft  wear  off 
that  which  we  have  conceived  for  him,  before 
inankind  can  acquiefce  in  his  being  fallible :  no- 
thing has  been  fo  eminently  detrimental  to  the 
progrefs  of  fcience,  as  a  blind  and  fervilc  defer- 
ence to  the  authority  of  great  names. 

As  new  terms  have  within  thcfc  few  years 

been  adopted  by  the  writers  who  have  treated  on 

fire,  it  will  be  neccflary,  before  we  proceed,  to  give 

you  fome  account  of  them.     By  the  word  fire  in 

thefe  Le&ures,  I  mean  that  very  fubtil  fluid  which 

is  the  caufe  of  heat,  and  by  which  bodies  arc  ex- 

ded,   fluids    raifed   into  v^mour,   folid  bodies 

iered  fluid,  &c.     Modem  French  writers,  for 

fame  purpofe,   ufe  the   terms   igneous  fluids 

ter  of  beat,  and  lately  calorie.     Some  EngJilh 

ters  have  ufed  the  word  heat  in  the  fame  fcnfe  j 

5  confounding  the  caufe  with  the  effed.    Heat, 

pcrly  fpeaking,    is   that  fenfation  which  the 

fence  of  fire  occafions  in  an  animate  body :  the 

I  of  an   inanimate   body,    when  it  contains 

,  is  alfo  diftinguifhed  by  this  word;  fpr  we  fay, 

heat  of  red-hot  iron«     We  ought  always  by 

wor4  b^(^^  to  underftand  the  effed  of  fire,  ox 

fire 
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fire  adinjg  in  a  certain  manner,  rather  than  the 
clement  itfelf  which  may  exift  in  fubftances  ac- 
tually cold  to  the  fenfes. 

Dr.  Irvine  and  Dr.  Crawford  ufe  the  term 
ahfolute  heat  for  that  power  or  clement  which,  when 
it  is  prefent  to  a  certain  degree,  excites  in  all 
animals  the  fenfation  of  heat :  in  this  fenfe  abfolute 
heat,  and  the  element  of  fire,  have  the  fame  figni- 
fication.  Fire,  as  having  a  relation  to  the  ejfedl* 
it  produces,  and  by  which  it  is  known  and  mea- 
fared,  is  called  by  Dr.  Crawford  relative  heat^ 

General  Ideas  Of  Fire. 

The  ffreat  Boerhaave  maintained  that  fire  was 
a  fluid  univerfally  difFufed,  and  equally  prefent  in 
the  frozen  regions  as  in  a  glafs-houfe  furnace;  only 
in  the  latter  it  is  put  in  adion,  and  rendered  more 
evident  to  our  fenfes ;  if  brought  into  adion  it's 
exiftcncc  would  be  as  demonftrable  in  the  coldcft 
part  of  the  world  as  in  the  furnace ;  all  bodies 
contain  it:  it  is  in  the  earth  we  inhabit  and  the  food 
which  nourifhes  us ;  we  ourfelves  are  filled  with 
it.  Although  it  is  capable  of  deftroying  and  con- 
fuming  all  oiii^ ;  yer  as  it  is  incapable  of  com- 
bullion  without  another  fubflance,  it  is  fo  far  from 
being  prejudicial  to  us»  that  it  forms  an  eflential 
part  ot  our  animal  life :  it  conftitutes  a  portion  of 
the  fluid  we  breathe,  the  only  part  which  contri- 
butes to  fiipport  animal  heat. 

The  tar  greater  part  of  modern  philofopherK 
coincide  in  this  refpcdl  with  Boerhaave :  to  enu- 
merate thf  ir  names  would  be  to  fill  pages ;  fufficc 
it  therefore  to  name  a  few:  Jones,  Lavoificr, 
Black,  Crawford,  De  Luc,  Piftet,  Dc  Sauflurc. 
Hear  Mr-  Lavoifierfpeak  for  himfelf :  **  I  confider 
our  earth/'  fays  he,  **  as  every  where  furrounded 
by  a  very  fubtil  fluid,  which  penetrates  without 
exception  all  the  bodies  which  compofe  it."  This 
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fluid  he  calls  caloric,  we  call  it  fire :  it  tends  al- 
ways to  put  itfelf  in  equilibrium  in  all  bodies; 
but  it  does  not  penetrate  all  with  equal  facility. 
Laftly,  this  fluid  is  fometimes  in  a  ftate  of  liberty, 
fonn^timcs  in  a  fixed  form,  and  combined  with 
bodies. 

This  opinion  on  the  exiflence  of  fire  is  far 
from  being  new ;  it  is  that  of  the  greateft  number 
of  ancient  philofophers :  '^  I  fiiall,  therefore,** 
fays  he,  *'  difpenfe  with  relating  the  fads  oa 
which  it  is  founded ;  but  if  I  Ihew  that  it  alwaj^ 
accords  with  the  phenomena,  and  that  it  explains 
every  thing  that  happens  in  philofophical  and 
chemical  experiments,  it  will  be  almolt  giving 
demonftration  to  opinion.  Indeed  this  opinion 
feems  too  conformable  to  the  courfe  of  fads,  and 
the  fimplicity  of  nature,  to  be  confidered  only  as 
tii  hypothefis.*' 

Penetration  of  Fire. 

Fire  penetrates  all  bodies,  even  the  hardeft, 
being  equalled  therein  only  by  the  niagnetic  fluid; 
every  thing  around  and  about  you  confirms  this 
truth ;  it  may  be  eafily  alfo  llluftrated  by  experi- 
ment :  cover  this  thermometer  (which  I  have  al- 
ready told  you  is  an  infl:rument.to  meafure  the  dc- 
§rees  of  heat)  with  glafs;  apply  any  heated  fub- 
ance  to  the  outfide  of  the  glafs,  and  it  will  raife 
the  fluid  in  the  thermometer  :  the  fame  will  take 
place  if  it  be  inclofed  by  a  metallic  cafe,  or  a  cafe 
of  any  materials  whatfoever :  this  could  not 
happen  unlefs  fire  penetrated  through  the  ma- 
terials. 

A  thermometer  fufpended  in  an  exhaufted  re- 
ceiver will  fhew  the  farnc  degree  ^s  one  in  the 
open  air ;  for  the  fire  which  is  diftiifcd  through 
the  atmofphere,  is  alfo  dilfufed  thrdugh  what  we 
call  a  vacuum.    Sir  Ifa;;ic  Newton  had,'  indeed, 

long 
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long  ago  Ihewn  that  heat  was  conveyed  by  a  mc- 
dJum  more  fubcil  than  common  air ;  becaufe  two 
thermometers,  one  placed  in  the  vacuum  of  an 
air-pump^  and  the  other  in  the  open  air,  but  at 
a^n  equal  diftance  from  the  fire,  will  fhew  an  equal 
degree  of  heat  nearly  at  the  fame  tinae.  Had  he 
purfuud  this  thought,  he  would  have^  no  doubt^ 
concluded  tliat  fire  is  prefent  in  all  places,  and 
that  it  is  asadive  where  there  is  no  terreilrial 
mnitcr  as  where  it  abounded. 

Tendency  of  Fire  to  an  EQiriiiBRiuM. 

One  of  the  moft  conftant  chara^flers  of^  firq  is 
a  continual  tendency  to  equilibrium^  or  to  flow 
from  a  warmer  to  a  colder  body;  to  ilTue  from 
thofe  parts  where  it  is  leaft  refilled,  till  the  refift- 
ance  becomes  uniform  ;  communicating  the  fuper- 
abundant  fii^e  to  all  furrounding  bodies^  till  they 
attain  the  fame  tenmperature.  In  this  point  of  vi$.w 
lire  fcems  to  be  reurained  only  by  itfelf.  To  6b^ 
fervc  the  fluduation  of  fire  from  one  body  to  an- 
other, till  the/  all  acquire  the  fam6  temperjiture, 
place  in  a  room  where  the  fun  does  not  fhine  a 
variety  of  fubftances ;  as  wood,  feathers,  iron,  &c; 
of  different  temperatures  ;  let  a  thermometer  he 
applied  clofe  to  each  of  them,  and  the  fire  in  the 
hotteft  will  diffiife  itfelf  among  thofe  that  arc 
heated  to  a  lefs  degree ;  and  it's  fluduation  from 
one  to  another  wul  be  evident  by  the  thermo- 
meter, till  they  all  acquire  the  temperature  of  the 
room  :  this  is,  among  many  other  phenomena,  one 
that  cannot  be  conceived  without  admitting  fire 
to  be  a  fluid,  pafling  from  one  body  to  the  other 
till  it  is  equally  diifuied. 
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Of  thb  Distribution  of  Firh»  and  of  theSus^ 

STANCES  WHICH  CONDUCT  HeAT. 

It  docs  not  appear  that  different  degrees  of 
fire  can  penetrate  all  bodies  with  equal  forces  in 
equal  times;  or>  in  other  words,  the  power  of 
tranfmitting  heat  is  different  indifferent  bodies t 
feme  conducing  it  more  readily  than  others:  thus» 
if  you  hold  one  end  of  this  metallic  rod  in  your 
hand^  and  put  the  other  in  the  fire,  it  will  fbon 
become  too  hot  to  hold^  though  it  is  three  feet 
long ;  but  one  end  of  this  glafs  rod^  which  is  con* 
fiderably  Ihorter,  may  be  held  without  any  incon- 
venience, while  the  other  end  is  red-hot  and  melt- 
ing. Again,  here  are  feveral  metallic  rods,  each  of 
which  is  covered  with  a  thin  coat  of  wax:  I  plunge 
the  ends  of  thefe  into  melted  lead,  and  you  per- 
ceive that  the  coat  of  wax  melts  fooner  on  lome 
than  on  others;  which  proves  that  fome  metals 
tranfmit  fire  more  readily  than  others :  in  more 
general  terms,  tbo/e  bodies^  wbofe  temperatures  are 
Joonefl  altered^  are  f aid  to  be  the  befi  eondulfors  of 
fire. 

The  difference  in  the  fpaces  of  time  in  which 
fire  penetrates  different  bodies,  and  finally  ac- 
quiring the  fame. temperature,  may  depend  on  their 
peculiar  powers  or  faculty  of  retaining  fire ;  this 
faculty  has  been  called  their  capacity.  The  greater 
this  power  is  in  any  body,  the  greater  the  quantity 
of  fire  that  will  be  accumulated  therein  before  the 
equilibrium  refulting  from  that  accumulation  takes 
.place  ;  or,  in  other  words,  before  it  can  exert  the 
fame  expanfive  force  outwards ;  confequently  when 
this  equilibrium  is  attained,  though  there  may  be 
an  equal  expanfive  force  exerted,  and  therefore  an 
equal  degree  of  heat  indicated  by  the  thermomc-^ 
tcr,  it  does  not  follow  that  there  is  an  equal  accu- 
mulation of  fire  in  the  feveral  bodies. 

To 
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To  illuftrate  this  principle,  let  us  plunge  into 
a  bafbn   of  water  at  the  fame  inftant  a  pound  of 
dried  fpunge,  a  pound  of  blotting-paper,  and  a 
pound    of  fome  porous  wood :   at  the  expiration 
of  a  certain  time  thefe  fubftances  will  be  equally 
wet,  and  will  have  imbibed  all  the  water  they  arc 
capable  of  retaining.  .  The  blotting-paper,  as  be- 
ing the  moft  permeable  by  the  water,  will  be  the 
firft  penetrated  thereby  i  it  will  not  penetrate  the 
fpunge  fo  foon :  ift,  Becaufe  it  is  not  fo  permeable 
by  water  as  the  blottii^-paper ;  adly,  Becaufe  it 
has  a  greater  capacity  of  imbibing  water,  and  will 
confeqiiently  require  more  time  to  be  faturated 
than  tfa^  P^pcr  •  Iftftlyy  The  wood  will  require  a 
longer  time  to  be  fiiHymoiftened,  although  it  has 
left  capacity,  being  lefs  permeable  to  water  than 
the  other  two  fublUnces* 

When  you  take  them  out  of  the  water,  they 
will  be  af^rently  wetted  in  the  fame  degree^  as 
well  externally  as  internally ;  but  they  will  contain 
very  unequal  quantities  of  water.  The  circum- 
Ibuices  are  nearly  the  fame  with  refped  to  fub-> 
ftances  of  *  equal  mafies,  and  different  natures 
plunged  in  an  atmofphere  of  fire. 

If  we  could  apply  an  hygrometer  to  thofe 
Aibilances  the  moment  they  were  taken  out  of  the 
water,  it  would  indicate  nothing  more  than  that 
they  were  equally  humid ;  but  would  kave  us  ig-« 
norant  of  the  quantities  of  water  they  contained. 
In  like  manner  the  thermometer  applied  to  dif- 
ferent fubAances  heated  to  the  fame  degree,  will 
only  (hew  that  die  fire  has  an  equal  expanfive  force 
in  each  of  them,  but  would  give  us  no  i^^^^fn^^fJ/^** 
as  to  the  abfolute  or  relative  quan 
which  produce  this  expanfion. 

You  will  fim}  heat  greatly  retar 
and  ftill  more  by  feathers  and  wool,  a 
fpungy  fubftances;  perhaps,  beca^ufc 
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contadl  of  parts.  Flannel,  aiiii.feithcjr--bcds  are 
confidercd  as  warm>  but  they  have  no  heat  5  for 
they  keqp  bodies  {zs  ice^  &c.)  C€>oi  better  than 
other  fubftanccs  :  they  hinder  heat  froirt  evapoiai- 
ing^  as  their  interftices  are  filled  with  air ;  being 
{\ow  either  in  tranfmitting  or  parting  with  fire  ^ 
they  are  proper  for  preferving  and  recainiBj^  the 
hcait  of  our  bodies>  and  thui  keeping  us  warm. 
Snow  being  of  a  foft  ^ungy  texture,  keeps  the 
ground  warmer  tham  the  freezing-point;  but  this 
is  warna^  compared  with  the  inttnfc  cold  felt  in 
feverai  climates,  frequently  r^2**  bcHw  froft.  Now, 
the  freezing  point  k  as  much  wanner  thaa  this>  as 
the  weather  in  ouir  fumitiei'  h  than  that  e£  froft: 
it  is  common  in  Siberia  to  .ftet  tfat  thcnnoBCter 
1.50^  below  the  point  of  congfel^tiom 

Fluids  convey  fire  ycry  faftj  akiOODb  bodies 
very  faft :  this  may  depend  upod  rfic  cxpadiibility 
which  air  undergoes  from  fice,  nthich'^cafi^tftsa 
continual  change  of  it^s  particles:  tluis-  if  }ieov 
e-xpofe  a  hot  body  to  the  air  to  Gool^che  air  inr 
cofttacl  therewkh  expands  and  becomes  ligbt^, 
and  is  cofifequentl^  driven  upwards;  and  thus 
there  is  a  conftant  accodion  of  frcih  air  to  the 
body.  If  you  place  the  body  between  the  fu^Ihine 
and  the  wall,  you  will  fee  the.  air  rifing  lik«  an  un- 
dulating vapour  upon  the  wall^  you  fee  it;,  be^* 
caufe  the  vapour  turds  chofe  rays  of  light  afido 
which  pafi  through  it ;  and  confequently  the  wall 
is  lefs  illuminated  in  thoic  paros  than  die  reft; 
and  you  therefore  perceive  the  Ihadow  for  the^fiunc 
reafon  that  you  fee  the  fhadow  of  fmoke.  This 
caufes  objeds,  when  viewed  through  the  rarified 
air  of  a  heated  field,  to  feem  to  change  place,  and 
tremble  when  the  fun  ftiines  upon  it. 

It  is  owing  to  this  evapora^on  upwards  that 

iron  or  any  other  fubftance  will  heat  a  body  held 

^vek-  it  fooner  than  under  it ;  but  if  a  piece  of  iron 
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im  placed  'under  a  receiver^  the  bottom  is  hotted;, 

Sia  being  tieareft  in  conta^:  hence  the  coldob-^ 

ii^^ed  at  fea  upon  approaching  mountain^iof  rice  ; 

che  cold  air  being  condenfed  falls  down  the  fidea- 

of  the  ice»  and  floats  along  the  furface  of  the  fcta^^ 

"When  a  veffcl  of  water  i&  placed  over  a  fire,  tfcjq 

lower  parts  of  the  water  are  expanded  and  pen^ 

dered  lighter  thereby,  and  of  coirffe  are  driye^i  c# 

xhe  top  by  the  weightier  and  cokkr  pgrt^  whick 

defcend  to  the  bottom,  and  thu^  there  is  a  contl-; 

mial  circtriation  ffom  tht  under  to  the  uf^per  part 

of  the  vcfieL  , 

From  the  hature  of  fluids  de^p  lakes  of  wa-^ 

ter  feldcMn  freeae  in  winter.     The  cold  s^,  by, 

roffaing  over  the  furface»    will   reader  th^'tf^ 

-  -wcighli^jr,  which  will  fiilk,  and;  it's  place  be  lip*. 

plied  with,  a  warwwr  portion  frwi  b^kw, .wl^h 

in  it*s  turn  ^ill  alfo  be  cookd:  itf)4  |he  skir  bai^ 

the  whole  heat' of  the  water  t<>  carry  away,  which 

ia  often  clot  done  during  i  whcrfe  w^mcer*    ^H^n^ 

the    remarkable   temperature    upon^  the   ooean^ 

and  upon  iflaa»is>  when  cCimpave^  with  qpntinent^ 

in  the  lame  degreb  of  latitude^ 

From  Sir  Benjamin  Thompfon's  experiments 
it  appears,  that  of  the  diiferent  ^bftance^  ui^d  in 
clotA^ing,  hare's-fur  and  eider-<lown  are  the  warm- 
eft :  after  thcfc  come  bcaver's-'fur,  raw  fiik,  fheep's- 
WQoly  cotton^wool ;  and  kftly,  lint,  0*  the  fcrap-^ 
ings  of  fine  linen.  He  alfo  found  that  the  air 
which  occupies  the  interftices  of  bodies,  made  ufe 
of  for  covering,  ads  a  very  important  part  in  the 
operation  of  confining  heat,  which  is  fiill  further 
a^ifted  by  the  finenefs  and  equal  dillribution  of  the 
fobftances  made  ufe  of  to  form  a  covering  for  that 
purpofe. 

In  fun  the  air  interpofed  among  it*s  particles 
is  fo  engaged  there  as  not  to  be  driven  away  by  the 
beat  communicated  thereto  by  the  animal  body; 
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3B&r  iifpljced^  it  becomes  a  barrier  to 
^  jnmb  body  from  the  external  cold. 
cr  r  appears  why  thofe  jfkins  are  warmcft 
cfincft,  longeft,  and  thickeft  furs  ; 
tJic  feis  of  the  beaver,  otter,  and  other 
-jiuBLuucds  vhich  live  much  in  water,  and  the 
<^  water-fowls,  arc  capable  of  confining 
zac  .lor  of  thde  animals  in  winter,  notwithftand- 
oi^cne  cofcftKfe  and  conduding  power  of  the  water 
is  whicft  thcT  Iwim. 

Btatts^  hues,  and  other  animals,  inhabitant^ 
dT  coiJ  dioHtes,  which  do  not  often  take  water, 
h»r  dieir  far  noch  thicker  upon  their  backs  than 
bdlics.  As  the  heated  air  would  more  na- 
iTr  fife  «p«ards,  and  efcape  from  the  back, 
wilehr  giuirded  againft  this  evil  by  in- 
:  :iic  obftnidions  in  thofe  parts,  and  thereby 
^  !t »  die  body  of  the  animal. 
TV  aawre  which  cover  the  furfacc  of  the 
IT  wuieer  in  high  latitudes,  are  doubtlefs  dc- 
i|tfieii  :yf  wt  all-proyid£nt  Creator  as  a  gar- 
WOK  »  icmd  k  igainft  the  piercing  winds  from 
.'ic  ^feor  Kgions,  which  prevail  during  the  cold 

T%i!c  wkids,  notwithftanding  the  vaft  tnufb 

.  •   .>?irFtaefit  they  pafs  over,  retain  their  iharpnefa 

;>    >ti^  ^  Ac  gfound  they  go  over  is  covered  with 

w«     .MM  le  K  not  till  they  meet  with  the  ocean 

ai.    X*  *.^:ai^c  that  heat  which  the  fnaw  pre- 

K'ux    ^>or  v^touning  from  the  earth,  to  take  oflF 

:»v  >,\ise>rt  ri^r  coldnefs, 

I  ^v*x  ^  na  property  of  fire  more  generally 
o-v^iN  .V  ><trcr  underftood,  than  it's  difpofition 

V  ^«v  !^^i*«;  *MRe  body  to  another.  If,  as,  I  have 
»,s.*%vx.  .V  *vCh  *  thoufand  diiferent  inanimate 
V*^vv  }v  Hv**:cjJit  toother  in  a  place  where  there 

V  %c  %>*•>   x-xJu  :V  ot  heat,  the  heat  will  immedi- 
^v*>  ivK  *^  ^  *^*  fro"^  ^^  hotter  to  the  colder 
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bodies^  till  all-  become  of  one  temperature,  or  till 
there  is  what  fome  philofophers  call  an  equilibrium 
of  heat. 

But  this  is  by  »p  means  the  cafe  with  re/peff  to 
animated  matter:  for,  whatever  be  the  degree  of 
heat  peculiar  to  individual  animals,  they  preferve 
it  liable  and  unchanged  in  every  temperature,  pro- 
vided that  it  be  not  altogether  incompatible  with 
life  or  health.    Thus  we  find  that  the  human  body 
is  not  only  capable  of  fuppbrting,  in  certain  cir-> 
cumftaiices,  without  any  material  changes,  a  degree 
of  heat  in  which  the  thermometer  rifes  confiderm^ 
My  above  the  degree  of  boiling  wJiter  ;♦  but  like- 
wife  that  it  mainuins  it's  ufual  temperature,  whilft 
the  lurrounding  medium  is  feveral  degrees  below 
the  point  of  congelation* 

It  is  therefore  evident  that  animals  neither 
receive  their  heat  from  the  bodies  around  them^ 
nor  fuffer,  from  the  influence  of  external  circum- 
ihnces,  any  material  alterations  in  that  heat  which 
it  peculiar  to  their  nature.  This  general  izGt  is 
further  elucidated  and  evinced  by  many  late,  accu- 
rate, and  well-authenticated  obfervations ;  which 
fliew  that  the  degree  of  heat,  in  the  fame  genus  or 
fpecies  of  the  more  perfedl  aninuls,  continues  very 
uniformly  the  fame,  whether  they  be  environed 
by  n>ountains  of  fnow  in  the  neighbourhood  of 
the  pole,  or  expofed  to  a  vertical  fun  in  the  fultry 
regions  of  the  torrid  zo;ie. 

The  liability  and  uniformity  of  animal  heat, 
under  fuch  a  difparity  of  external 'circumftances, 
and  fo  vaft  a  latitude  in  the  temperature  of  the 
ambient  air,  leave  no  ipom  to  doubt  that  the  living 
body  is  furnifhed  with  a  peculiar  mechanifm,  or 
power  of  gei\/crating,  fupporting,  and  regulating 
It's  own  temperature ;  and  that  this  is  fo  adapted 
to  the  cifcumllances  of  it's  geconoimy,  or  depen- 
dent 
•  Phil.  Tranf.  vol.  Ixv.  . 
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dent  upon  them,  that  whatever  be  the  heat  of  th© 
atmofphere,  it  will  have  very  little  influence  either 
in  diminifhing  or  increafing  that  of  the  animal. 

O^  flit  Dilatation  of  Bodies  by  Fire. 

Fxr-e  never  ccafcs  to  be  fluid,  unlefs  when  in  a 
fylQ  of  combination  with  other  bodies  ;  it  is  alfo 
7  principal  caufe  of  the  fluid  flate  bf  other  bodies. 
Firci  when  agitated  with  that  motion  which  is 
jnanifcfted  by  heat,  always  ads  as  if  it  wanted  more 
jroom  2  and  this  in  fuch  a  wond.erful  manner^  as  if 
icvery  particle  was  a  radiant  point  or  center. 

The  particles  of  a  Tolid  body,  when  heated  to 
n  certain  degree,  recede  from  each  other:  allow 
it  to  cool,  the  particles  will  approach,  each  in  the 
fame  proportion  in  which  they  receded ;  and  the 
body  will  return  to  it's  former  flate  by  the  fame 
degrees  of  expanfion,  by  which  in  the  firft  inftance 
it  was  extended. 

This  expanfion  of  Ijodies  by  fire  may  be 
deemed  univerfal ;  there  fcems  fcarce  any  exceb- 
tionj  but  in  thpfe  bodies  whofe  parts  are  brought 
nearer  together,  becaufe  a  fluid  contained  within 
them  i&  driven  out. 

The  firft  change  that  happens  to  any  body 
when  cxpofed  to  the  adion  of  fire,  is  the  rari- 
oi  it's  whole  mafs,  and  an  augmentation  of 
Ik. 

*fore  I  proceed,  it  will  be  ncccflary  to  notice 
idiion  of  fire  into  two  ftatcs,  liberated  and 
?i,  to  be  more  fully  confidered  hereafter, 
ted  fire  is  that  we  are  now  concerned  with ; 
this  ftate  is  meant  fire  in  action,  producing 
ifation  of  heat  in  animal  bodies,  and  dilating 
nenfions  of  all  fubftances ;  hence  it  is  alfo 
ailed  manifejied,  or  tbermometric  fire* 
tie  intcnfity  of  heat  is  meafured  by  the  quao- 
free  fire,  or  fire  in  adlion^  for  though  we 
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irannot  determine  the  quantity,  we  can  eftitaaflfe 
It's  adtion  on  bodies  by  the  degree  of  their  dila* 
:ation. 

This  dilatation  is  the  moft  general  indication 
of  the  prefeftce  of  fire.  To  appreciate  this  phi- 
lolbphcrs  ufe  inllrument^  cMtA  thermometers :  )• 
which  a  fubftance  is  always  employed^  whofe-  vo- 
lume augments  as  proportionably  as  pofRble  to  die 
increafe  pf  heat.  The  conftrudion  of  thefe  in- 
ftruments  Avill  be  the  fubje<5t  of  future  difcHlTion  ; 
it  is  (ufficient  to  inform  you  at  prefent,  that  by  the 
rife  of  a  fluid  in  a  tube,  we  obtain  a  mean^re  fuf- 
ficiently  exact,  of  the  increafe  or  diminution  of 
adtive  fire.  Leaving  thefe,  I  proceed  to  confider 
the  expanlion  of  metals. 

Metallic  fubftances,  with  whofe  hardnefs  and 
tenacity  you  are  well  acquainted,  are  expanded  and 
rarified  by  heat  in  all  their  dimenfions :  let  us  lay 
this  rod  of  iron,  which  is  fix  inches  long,  in  the 
fire  till  it  begins  to  grow  red,  and  you  will  thco 
find  it  to  be  about  -itth  6f  an  inch  longer  than 
it  was  before ;  that  is,  about   1 20th  part  of  the 
whole.      Th^t  the   metal  is   proportionably  ex- 
panded in  breadth,  you  will  fee  by  trying  to  pafs 
It  through  this  aperture,  which  it  fitted  exadlljr 
when  cold,  but  which  will  not  admit  it  now  it  is 
heated.     This  is  one  of  the  reafons  why  clocks 
vary  when  carried  into  a  hotter  or  colder  climate; 
for  the  times  of  the  vibrations  of  pendulums  arc 
always  in  the  fub-duplicate  ratio  of  their  lengths'; 
and  as  the  length  is  changed  by  heat  and  cold,  the 
times  of  vibration  will  be  alfo  changed  :  the  quan- 
tity of  alteration,  when  confiderea  in  a  fingle  vi- 
bration, is  exceeding  fmall ;  but  when  the  Vibra- 
tions are  often  repeated,  will  be  very  fenfible.    An 
alteration  of  one  hundred  thoufandth  part  in  the 
time  of  a  fingle  vibration,  will  make  a  change 
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cf  nearly  one. whole  vibration  in  twenty-four 
hours. 

Different  metals  lengthen  differently  with 
tlie  fiune  degree  of  heat :  thofe  inftruments,  there- 
forCj  whofe  parts  are  to  maintain  a  conftant  pro- 
portion, (hould  never  be  framed  of  different  me- 
tals. It  is  from  this  unequal  expanfion,  that  a 
harpfichord  is  deranged  by  a  change  in  tcmpc- 
nture. 

To  difcover  the  minuted  changes  in  expan* 
fion,  and  the  relative  proportions  thereofj  an  in- 
ftrument  has  been  conftruded  called  a  pyrometer. 

Of  Pyrometers. 

Among  the  various  machines  that  have  been 
invented  for  this  purpofe,  that  contrived  by  Mr. 
Smeaton  appears  to  be  the  moft  perfedl :  ifs  ac- 
curacy is  confirmed  by  obfervations  made  with 
other  inftruments ;  it  is  founded  on  the  foUowii^ 
principles : 

I.  The  quantity  of  expanfion  being  in  pro- 
portion to  the  length  of  the  bar,  the  longer  the 
bar,  the  more  fenfiblc  the  expanfion. 

a.  The  fcale  on  which  the  alterations  arc 
niMfiiredj  ought  to  be  fo  large,  as  that  the  fmalleft 
on  may  be  vifiblc. 

The  materials  of  which  the  meafuring 
>f  the  inftrument  are  made,  Ihould  fuffer 
uiiion  during  the  experiment,  or  the  degree 
infion  produced  in  them  fhould  be  known 
counted  for ;  becaufe  the  expanfion  of  the 
lent,  fuppofing  the  bar  to  be  meafured  does 
land,  will  produce  the  fame  appearance  as 
^nfion  of  the  bar,  fuppofing  the  i^nflrumcnt 
expand. 

AH  bodies  continuing  to  expand,  in  pro- 
i  ^s  the  heat  applied  to  them  is  increafed^  it 
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IS  ncceflaiy  to  afccrtain  the  degree  of  heat  applied^ 
in  order  to  determine  the  comparative  expanfion 
of  different  metals.     And, 

5.  Themcafufing  parts  of  the  inllrument  ought 
to  be  fo  large,  as  that  the  quantities  of  the  meafiired 
expanfion  may  be  known  in  real  meafure. 

The  inftrument  (fig.  i  and  2,  pL  5,)  is  fo  con* 
ilrudled  as  to  receive  a  bar  two  feet  four  inches  loi^ 
and  might  be  made  capable  of  receiving  bars  of  a 
much  greater  length  of  fome  kinds  of  materials;, 
but  not  of  others,  on  account  of  their  flexibility; 
even  with  a  degree  of  heat  not  exceeding  boiling 
watef. 

'The  meafures  are  determined  by  the  contad 
of  a  piece  of  metal  with  the  point  of  a  microme-- 
ter-fcrew.  Tb^  obfervation  is  left  judged  of  by  the 
bearings  rather  than  that  of  the  fight  or  feeling: 
by  this  metlKxl  it  hasbeen  found  pradicable  to  re<- 
pcat  the  fame  meafurement  fevcral  times,  without 
<liffering  from  itfelf  above  Tv.iroth  part  of  an 
inch*  The  degree  of  fenfibility  attained  by  this 
method  is  fuperior  to  any  thing  that  can  be  done 
by  iight  or  feeling. 

As  no  fubftance  has  hitherto  been  difcovered 
that  is  perfedly  free  from  expanfion  by  heat,  the 
bacr  which  makes  the  bafis  of  the  inftrument  fuffers 
the  fame  degree  of  heat  as  the  bar  to  be  meafured; 
confequently  the  meafures  taken  by  the  microme- 
ter are  the  differences  of  their  expanfion. 

The  expanfion  then  of  the  bafis  between  two 
given  degrees  of  heat  being  once  found,  the  abfo« 
lute  expanfion  of  any  other  body,  by  adding  or 
fubtraAing  the  difference  to  or  from  the  expanfion 
of  the  bans,  according  as  the  body  to  be  meafured 
expands  more  or  lefs  than  the  bafis,  will  be  de- 
termined. 

When  the  inftrument  is  made  ufe  of,  it  is  im- 
xnerged,  together  with  the  bar  to  be  meafured,  in  a 
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cMkrn  of  water ;  which  water,  by  means  of  lamps 
underneath,  is  made  to  receive  an  intended  degree 
of  heat,  not  exceeding  that  of  boiling ;  and  thereby 
ccmunUnicates  the  fame  degree  of  heat  to  the  in- 
Arument^  to  the  bar,  and  to  a  mercurial  thcnno^ 
meter  immerged  therein,  for  the  purpofe  of  afcer* 
cainiiig  the  degree. 

All  that  remained  was  to  find  the  abfolate 
expanfion  of  the  bafis  between  any  two  given  de- 
grees of  heat,  not  greater  than  that  of  boiling 
79rtLter,  which  is  thus  eiFeded. 

For  this  purpofo,  let  there  be  prepared  x  bSr 
of  ftrait-gi*ained  white  deal  or  cedar ;  which  it  is 
well  known  are  much  lefs  expaniible  by  heat  than 
«ny  metal  hitherto  difcovered :  let  the  bar  be 
adapted  to  the  inftrument,  in  like  manner  as  the 
other  bars  intended  to  be  meafured ;  but  that  the 
foftnefs  of  the  wood  may  not  hinder  the  juftnefe 
o(  it^s  tiearings,  let  it's  ends  be  guarded  with  a  bit 
of  brafs  let  into  the  wood  at  the  points  of  con- 
tad,  to  prevent,  as  mudi  as  may  be,  the  nK>ifturc 
or  (Veam  of  the  water  from  affeding  the  wood : 
let  it  firft  be  well  vamiftied;  and  then,  t>^ing 
wKipped  round  with  coarfe  flax  fnmi  end  to  end, 
this  will  in  a  great  meafure  imbibe  the  vapour  be^ 
fore  it  arrives  at  the  wood :  let  the  ciftem  alfo  be 
ib  contrived,  that  the  inftrument  b^ing  fupported 
«t  a  proper  height  therein,  the  bar  to  be  meafured 
may,  upon  occaiion,  be  above  the  cover,  while  the 
bails  remains  in  the  water}  thus  will  the  cover 
«lfo  be  a  defence  againft  the  moifturc.  Let  the 
water  in  the  ciftem  be  now  brought  to  it*s  lower 
^egvee^of  heat,  (fuppofe  at  or  near  the  freezing 
point,)  tihe  bafis  having  continued  long  enough  ia 
the  water  to  receive  the  fame  degree  of  heat;  and 
the  wooden  bar  having  been  previoufly  kept  in  an 
fidjacent  room,  not  fubjedt  to  fuddcn  alterations  of 
temperature  by  fire,  or  other  caufcs :  let  the  bar  be 
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applied  to  the  inftruraent,  and  the  degrees  of  the 
micrometer  and  the  thermometer  read  off  and  fet 
down :  let  the  wooden  bar  be  then  reftored  to  it's 
former  place,  till  the  water  is  heated  to  the  greater 
degree  intended  (fuppofe  at  or  near  that  of  boiling 
water;)   the  lid  being  now  fhut  down,  and  the 
chinks  Hopped  with  coarfe  flax,  to  prevent  the 
iflbing  of  the  fleam, as  much  as  podible,  let  the 
wooden  bar  be  again  brought  forth,  applied  to  the 
inilrument,  and  the  degrees  of  the  micrometer  and 
thermometer  t-ead  off  as  before:  the  difference  of 
de^ees  of  the  microiheter  correfponding  to  thd 
difference  of  degrees  of  the  thermometer,  will  ex- 
prefs  the  expanfion  of  the  bafis  between  thofe  de- 
grees of  heat;  that  is,  upon  the  fuppofition  that 
the  wooden  bar  was  of  the  fame  length  at  the  time 
of  taking  the  fecond  meafure,  as  at  the  firft :  in-J 
deed,  a  meafure  can  hardly  be  taken  without  any 
lofs  of  timei  as  the  whole  of  the  inftrument,  when 
the  hot  meafure  is  to  be  taken,  is  confiderably 
hotter  than  the  wooden  bar ;  and,  in  cafe  of  boil-^ 
ing  water,  the  fteam  being  very' repellent  and  ac- 
tivc^  the  bar  is  liable  to  be  fenfibly  affedted  in  it's 
Icngthj  before  the  meafure  can  be  taken  both  by 
heat  and  moilhire,  which  both  tend  to  expand  the 
bar;  but  as  the  quantity  is  fmall,  and  capable  of 
being  nearly  afcertained,  a  wooden  bar  thus  ap- 
plied, will  anfwer  the  fame  end  as  if  it  was  unaU 
tcrable  by  heat  or  moifture.- 

In  order,  therefore,  to  know  the  quantity  of 
this  alteration,  let  the  time  elapfed  between  the 
firft  approach  of  the  bar  to  the  inftrument,  and 
Ae  taking  of  the  meafure,  be  obferved  by  a 
fecond-watch,  or  otherwife :  after  another  equal 
interval  of  time,  Jet  a  fecond  meafure  be  taken  ; 
«k1  after  a  third  interval,  a  third  and  a  fourth : 
Ac  three  differences  of  thefe  four  meafures,  will 
be  found  nearly  to  tally  .with  three  terms  of  a  gco- 
Vot.  I.  Q  .  -  metrical 
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metrical  progreflion,  from  which  the  preceding 
term  may  be  known,  and  will  be  the  corrcdlion; 
which,  if  applied  to  the  meafurc  firft  taken,  re- 
duces it  to  what  it  would  have  been,  if  the 
wooden  bar  had  not  expanded  during  the  taking 
thereof. 

From  a  few  obfervations  of  this  kind,  care- 
fully repeated,  the  expanfion  of  the  baiis  may  be 
fettled ;  and  this  once  done,  the  making  experi- 
ments upon  other  baars  will  become  very  cafy  and 
compendious. 

The  bar  of  brafs  which  compofes  the  bafis  is 
an  inch  broad  by  half  an  inch  thick,  and  (lands 
edgewife  upwards :  one  end  is  continued  of  the 
fame  piece  at  right  angles,  to  the  height  of  three 
inches  and  an  half,  and 'makes  a  firm  fupport  for 
the  end  of  the  bar  tQ  be  e^cperimented ;.  and  the 
other  end  ads  upon  the  middle  of  a  lever  of  the 
fecond  kind,  whol<  fulcrum  i^  in  the  bafis ;  therc^ 
fore,  the  motion  of  the  extremity  of  the  lever  is 
double  the  difference  between  the  expanfion  of  the 
bar  and  the  bafis'  This  upper  part  of  the  lever 
rifes  above  the  lid  of  the  ciflern,  fo  that  it  and  the 
micrometer-fcrew  are  at  all  times  clear  of  the 
water :  the  top  of  the  leyer  is  furaifhed  with  an 
appendage  called  t\i^  feeler ;  it  is  the  extremity  ef 
this  piece  which  comes  in  contad  with  the  micro- 
meter-fcrew. The  conflrudion  and  application 
hereof  will  better  appear  from  the  draught  than 
from  many  words :  it  hence  appears  that,  having 
the  length  of  the  lever  from  it's  fulcrum  to  the 
point  of  fufpenfion  of  the  feeler,  the  diftance  be- 
tween the  fulcrum  and  the  point  of  contad  with 
the  bar,  the  inches  and  parts  that  correfpond  to  a 
certain  number  of  threads  of  the  micrometer,  atid 
the  number  of  divifions  in  the  circumference  of 
the  index-plate,  the  fradtion  of  an  ixKh  cxprcfTcd 
by  one  divifion  of  the  plate  may  be  deduced;  thofc 
sneafures  arc  as  follow :  Fron> 
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Inches. 
Prwh  the  fulcruhi  of  the  teycr  to  the  feeler  5.875 
From  the  fulcrum  to  the  plate  of  contiadl  2.895 
Length  of  70  threads  of  the  fcrew  -  2.45  5 
Kvifions  in  the  circimiference  of  the  index- 
plate  -  -  100 
Hence  the  value  of  One  divifion  will  be  the 
nWr  part  of  an  inch ;  but  if  the  fcrew  be  altered^ 
one-fourth  of  one  of  thefe  divilions^  when  the  con- 
taft  between  the  fcrew  and  feeler  is  well  adjufted^ 
the  difference  of  contaA  will  be  very  perceivable 
to  the  flighteft  obferver ;  and  confequently  Wrrth 
put  of  an  inch  is  perceivable  in  this  inftrument^ 
There  is  one  thing  ftill  remains  to  be  fpokc  of^ 
and  that  is,  the  verification  of  the  micrometer- 
fcrcw,  which  is  the  only  part  of  this  inftrumcnt 
that  requires  exadtnefs  in  the  execution  ;  and  how 
difficult  thefe  are  to  make  perfedlly  good>  is  well 
known  to  every  perfon  of  experience  in  thefe  mat- 
ters; that  is,  that  the  threads  of  the  fcrew  m^y 
not  only  be  cquidiftant  in  different  places,  but 
that  the  threads  Ihall  be' equally  inclined  to  the  axis 
in  every  part  of  the  circumference. 

As  nearly  the  fame  part  of  the  fcrew  is  made 
ufcof  in  thefe  experiments,  the  latter  circuhiftance 
is  what  principally  needs  inquiry  t  for  this  pur-- 
pofc,  let  a  thin  (lip  of  fteel  or  other  metal  be  pre-^ 
pared,  whofe  thicknefs  is  about  one-eighth  of  the 
diftance  of  the  threads:  let  the  edges  of  this  thiA 
^c  be  cut  into  fuch  a  fliape  as  exadly  to  fit  into 
^e  fixed  notch,  in  which  one  end  of  the  bar  i^  laid: 
*t  a  fcrew  pafs  through  the  ftandard  of  brafs  on 
^hich  that  notch  is  fupported,  in  fuch  a  manner, 
f^t  the  end  of  the  bar  to  be  mcafured,  that  is 
heft  from  the  lever,  may  take  it*8  bearing 
inft  the  point  (or  rather  the  fmall  hemifphc-* 
^  end)  of  this  fcrew  ^  let  one  of  the  brafs  bars 
^  in  the  other  experiments  b^  applied  to  the 
Q  ^  inftrumcnt. 
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inftruftient,  and  a  meafur?  taken ;  then  let  the  thirt 
plate  be  put  in  between  the  end  of  the  hat,  and 
the  point  of  the  fcrew  laft-mentioned,  and  again 
take  the  nneafure ;  but  firft  obferve  that  the  plate  is 
put  down  to  the  notch,   fo  that  the  fame  place  of 
the  plate  may  always  agree  with  the  point  of  the 
jfcrew;  and  confequently  no  error  may  arife  from 
a  different   thicknefs  in   different  places  of  the 
plate  :  obferve  alfo,  that  the  w  hole  comes  to  a  tnic 
bearing;  then  advance  the  fame  fcrew  till  the  mi- 
crometer-fcrew  is  pulhed  backward  one-fourth  of 
a  revolution;  again  repeat  the  meafure  with  and 
without  the  thin  plate ;  again  advance  the  former 
fcrew,  fo  as  to  make  that  of  the  micrometer  recede 
another  quarter  of  a  turn,  and  repeat  the  meafures 
with  and  without  the  thin  plate.     This  method 
being  purfued  as  far  as  necefTary,  it  is  evident,  that 
the  thickneft  of  the  plate  being  always  the  fame, 
if  the  difference  of  meafures  taken  with  and  with- 
out it,  ire  not  always  the  fame  in  the  different 
parts  of  a  revolution  of  the  micrometer-fcrew,  that 
this  fcrew  is  not  equiangular ;  but  from  the  dif- 
ferences of  the  meafures  correfponding  to  the 
thicknefs  of  the  fame  plates  in  the  different  parts 
of  a  revolution,  the  errors  thereof  may  be  nearly 
aifigned.     For  greater  certainty  in  this  examina- 
tion, left  the  heat  of  the  obferver*s  body  fhould  af- 
fed:  the  bar  or  inflrument  during  the  obfcrvation, 
let  the  whole  be  immerged  in  the  ciftern  of  water, 
which  ought  to  fland  ^  fufficient  time  before  the 
<?bfervaCion  is  begun,  to,  acquire  the  fame  tcmpe- 
jraturc  as  the  air,    whjlch  alfo  ought  to  be  io  a 
fettled  ftatc. 
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2!>e/cription  of  Mr.  John  Smeatoifs  New. 
^Pyrometer. 

Plate  5,  fig.  I.  A  BCD  is  the  main  bar  or 
bails  of  the  inftrument. 

EF  is  the  bar  to  be  meafured,  lying  in  vtq 
notchies;  one  fixed  to  the  upright  ftandard  AB; 
the  other  to  the  principal  lever  Hi.  The  end  E 
of  the  bar  EF  bears  againft  the  point  of 

G,  a  fcrew,  of  ufe  in  examining  the  micro- 
meter-fcrew. 

The  other  end  of  the  bar  F  bears  againft  a 
finall  fpherically  protuberant  bit  of  hard  metal, 
fixed  at  the  fame  height  as  G,  in  the  principal  le- 
ver HI. 

K  is  an  arbor  fixed  in  the  bafis  which  receives 
at  each  end  the  points  of  the  fcrews  H,  L,  upor> 
which  the  lever  HL  turns,  and  ferves  as  a  fulcrum, 
thereto.  . 

O  is  a  flender  fpring  to  keep  the  lever  in  a 
bearing  ftate  againft  the  bar ;  and 

P  is  a  check,  to  prevent  the  lever  from  falling 
forward,  when  the  bar  is  taken  out.      , 

N  is  the  feeler,  fomething  in  the  ftiape  of  a  T 
fufpended,  and  moveable  up  and  down  upon  the 
points  of  the  fcrews  I,  M,  which,  as  well  as  L,  H, 
are  fo  well  adjufted  as  to  leave  .the  jnotion  free,  but        / 
without  ftiakjig.  .V 

R  is  the  handle  of  the  feeler,  moveable  upon 
a  loofe  joint  at  R ;  fo  that  laying  hold  of  the  knob,-    • 
the  feeler  is  moved  up  ^nd  down,  without  bciiig 
affcdted  by  the  irregular  preffure  of  the  hand. 

The  extremity,  S,  of  the  feeler,  is  alfo  fur- 
niftied  with  a  bit  of  protuberant  hard  metal,  to 
render  it's  contad:  with  the  point  of  the  microme- 
tcr-fcrew  the  more  pcrfed. 

Q3  Tis 
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T  is  the  micrometcr-fcrew. 

y  is  the  divided  index-plate  j  and 

W  js  a  knpb  for  the  handle. 

iThe  micrometer-fcrew  pafTes  through  twq 
^olid  fcrewed  holes  at  D  and  Y. 

The  piece  YZ  is  made  a  little  fpringy^i  and 
endeavours  to  pull  the  fcrew  backwards  fjrooi  the 
hole  at  D ;  and  of  confequence  keeps  the  micro-. 
ineter-fcrew  conftj^ntly  baring  againft  ;t's  thready 
the  fame  yr^y,  and  thereby  renders  the  mPtlcln 
thereof  perfedly  fteady  and  gentle, 

X  is  the  indexj;  having  divifions  vpon  it,  an-. 
fwering  to  the;  turns  of  the  fcrew.  This  piece 
points  out  the  divifions  of  the  plate,  as  the  face  of 
the  plate  points  out  the  divifions  upon  the  index. 

When  ^he  inftrument  is  ufed,  lay  hold  of  the 
knob  of  the  feeley  with  one  hand,  and,  moving  the 
feeler  up  ^d  down,  with  the  other  move  forwanj 
^he  fcrew  T,  till  it's  point  come  in  contaft  with  the 
feeler;  then  y^ith  tne  plate  and  index,  V  and  Xj^. 
ihew  the  turns  and  parts. 

Fig.  II.  reprefents  the  inftrument  immerged 
in  a  cillern  of  water,  ready  for  ufe. 

A  B  is  the  cifterni  C  the  'coveri^  which,  when 
the  inftrument  is  raifed  upon  blocks,  goes  on  be- 
tween the  bai:  EF,  and  the  bafis  BC,  fig.  I. 

D  is  a  handle  tQ  take  off  the  cover  when 
hot. 
\y  E  a  mercurial  thermometer,  whofe  ball  is  i^ 

the  water.  . 

F  a  cock  to  let  out  the  w^tei;:^ 

GH  is  a  hollow  piece  of  tin,  which  fuppojts 
fcvcn  fpirit  lapips,  which  are  raifed  higher,  or  lelf 
down  lower,  by  the  fcrews  I  and  K,  in  order  to  give 
the  water  a  proper  degree  of  heat,  ftiewn  by  the 
thermometer  E.  .     •     *         • 
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A  Tablb  of  tbe'ExPA^iuoif  ^Metals* 

Sh^Tving  bow  much  a  foot  in  length  of  each  grows 
longer  hy  an  increafe  of  heat  correfponding  to 
180  degrees  of  Fahrcnheit*s  thermometer^  or  to 
ibe  difference  between  freezing  and  boiling  water ^^ 
expreffed  in  fucb  parts  whereof  the  unit  is  equal 
/o  the  lo^oootb  part  of  an  inch. 

I.  White  glaffl  barometer  tube  -            100 

1.  Martial  regulus  of  antimony  -*.          130 

3.  Bliftord  ftecl             -  -              ^138 

4.HaFd(leei            •           •  -         147 

5.  firon            -               *  -              151 

6.  Bifmutli            -            «  «             167 

7.  Copper  hammered            -  -            204 

8.  Copper,  9  parts  mixed  with  one  of  tin        218 
9-  Caft  brafi          -                -  -            225 

10.  Brafs,  16  parts,  with  tin  i            •  229 

ii.B^swire            -                -            -  232 

12.  Speculum  metal                --            •*  232 

13.  Spelter  folder,  viz.  lead  2  parts,  zinc  i  247 

14.  Fine  pewter            «               -  274 

15.  Grain  tin            -                -                -  298 

16.  Soft  folder,  viz.  lead  j  parts,  tin  r  301 

17.  Zinc  8  parts,  with  tin  i, a  little  hammered  323 

18.  Lead                -                -             ^  344 

19.  Zincorfpelter            -               -  353 
2p.  Zinc,  hantmered  half  an  inch  per  foot  373 

Dp  the  Power  sf  ertbd  ^y  Fire  in  expanding 
Meta«,s^  &c,  * 

If  you  eonfider  fw  a  moment  the  vaft  weight 
which  may  be  fafpended  froip  a  bar  of  brafs  or 
ffon,  in  a  vertical  pofition^  without  feparating 
Ac  parts  of  the  metal ;  that  is,  without  overcom- 
M^  the  force  with  which  they  adhere  together; 
you  jmy  form  fome  idea  of  the  great  forc^  of  firc^ 

^  4  whici^ 
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which  can  fo  far  rdax  the  texture  of  iron  and  brafi, 
that  their  parts  will  fall  qfunder  with  the  force  o( 
gravity  alone.  To  render  this  force  evident,  the 
Kev.  Mr.  Jones  contrived  this  inftrument  (fig.  3, 
fL  5,)  which  is  a  compound  fteel-yard;  where,  by 
means  of  a  (lender  rod  of  deal,  the  fp>ace  dcfcrihcd 
by  the  third  lever  is  augmented,  and  made  mpre 
perceptible  :  the  motion  of  the  fhort  arm  is  to  the 
motion  of,  or  fpace  defcribcd  by,  the  long  arm,.as 
I  to  100 ;  fo  that  five  ppunds  at  the  end  of  the  lo;^ 
arm  will  comprefs  the  bar  at  the  end  of  the  fliort 
one,  with  a  force  equal  to  a  weight  of  500M.  I 
Ihali  put  on  a  weight  of  5M.  at  the  end  of  the 
long  arm,  and  apply  the  flame  of  this  farthing 
candle  to  the  bar  adling  on  the  end  of  the  Ihortcr 
arm :  you  fee  plainly,  by  the  motion  of  the  index. 
that  the  expanding  power  of  fire  in  this  fmall 
com'pafs  is  equal  to  500/^.  and  there  is  no  doubt 
but  that  the  flame  of  this  candle  would  overcome 
q  weight  of  5000M.  with  the  fame  eafe,  if  the  parts 
of  the  inftrument  would  bear  %^^  ftrefs  ncccflary 
for  fuch  a  trial. 

Fluids  are  expanded  by  fire  as  well  as  folids ; 
thofe  employed  in  thermometers  furnilh  us  with  a 
fufficient  proof  of  this,  as  heat  can  only  raife  the 
fluid  contained,  by  expanding  and  dilating  the  vo- 
lume thereof.  I  (hall  explain  the  nature  of  ther- 
mometers in  our  next  Led:ure.  Fluids  expand 
more  or  Icfs,  fooner  oj:  later^  according  to  their 
nature. 

To  give  you  an  ocular  demonftration  of  this 
cxpanfive  power,  take  this  glafs  globe,  with  a  long 
glafs  neck  annexed  to  it;  fill  it  with  water  up  to 
the  firft  mark  on  the  heck  ;  then  immerge  it  into 
a  vcflcl  of  hot  water :  you  fee  the  water  mounts  up 
into  the  neck,  and  will  continue  rifinc  as  the  heat 
pf  the  water  increafcs;  or  if  you  take  it  out  of 
the  water,  and  apply.it  nearer  and  nea^rer  %q.  thq 


Digitized  byCjOOQlC 


Katuhe  and  Propbrties  of  Fire.       133 

fire,  you  will  find  it  dilate  more  and  more,  in  pro-# 
portion  as  you  approach ;  but  upon  removing  it 
from  the  fire  the  water  finks  again  :  a  clear  proof 
that  fire  dilates  it  fo  as  to  make  it  occupy  more 
Ipace  when  hot  than  when  cold. 

It  appears  that  fluids  of  the  leafl:  denfity  ex* 
pand  mofl:  with  the  fame  degree  of  heat :  thus  in-* 
flammable  air  dilates  more  with  the  fame  heat  than 
common  air,  conunon  air  more  than  fpririts  of 
wine,  fpirit  of  wine  more  than  linfced-oil,  line- 
feed-oil more  than  water,  and  water  more  thaa 
mercury.  But  if  you  confider  the  time  neceflar/ 
for  each  fluid  to  acquire  the  greatcft  degree  of  ra^ 
rifa&ion  it  is  fufccptible  of,  there  is  no  known  law 
to  guide  us.  Mercury,  though  much  more  denfc 
than  water,  requires  lefs  time ;  while  water  em- 
ploys more  time  than  fpirit  of  wine,  which  is  le& 
denfe ;  yet  water,  which  is  more  denfe  than  lin- 
feed-oil,  requires  lefs  time  to  attain  it's  greateft 
degree  of  rarifaftion.  Thefe  variations  depend  oa 
caufes  which  have  not  yet  been  unfolded.  MeflTrs. 
Bucquet  and  Lavoifier  have  made  a  long  courfe  of 
experiments  on  the  dilatation  of  fluids  by  heat,  and 
it's  progrefs,  without  difcovering  the  caufes  of 
the  Angular  diverfity  they  obferved;  and  have, 
therefore,  contented  theipfelves  with  defcribing 
the  fads,  without  drawing  any  inferences. 

On  Cohesion^ 

It  will  be  worth  while  in  this  place  to  con- 
fider the  opinions  of  a  modern  philofopher  on  co* 
hefion ;  they  are  founided  on  an  experimental  in- 
veftigation  of  the  fubjedt ;  and  open  a  field,  that, 
if  properly  purfued,  will  throw  great  light  on 
every  phenomenon  of  nature ;  they  are  indeed  in 
dired  oppofition  to  a  feigned  attradion  of  cohe^ 
fioD.  The  experiments  that  have  been  ufuall/ 
#jl^yeed  in  fupport  of  this  attradion,  muft  now 
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bt  given  up,  as  having  no  concern  with  the  prin* 
cijde  in  qucftion ;  but  belonging  to  the  cliis  of 
liydroftaticai  phenomena^  not  to  that  of  immatc* 
ml  qOalities  exerted  by  the  particles  of  bodies 
^emfelves.^ 

It  is  di£Bcult  to  (ay  how  the  attradion  of  co* 
befion  came  to  be  aflumed  as  a  principle  by  thofe 
iriio  contended  for  experiment,  as  the  bafis  of  phi<- 
lofbphy.  That  there  are  powers  by  which  cohe-p 
fioii  is  produced,  no  one  will  deny ;  but  cohefioQ 
IS  not  a  principle  fufficiently  generalized,  to  be 
admittod  into  philofophy ;  as  a  caufe  of  which  we 
may  calculate  the  effeds :  nor  is  it  underftood  in 
diat  perfed  manner  which  a  principle  requires^ 

General  obfervation  and  matter  of  fad  may 
always  be  oppofed  to  a  thou&nd  little  critical  ex- 
periments. You  obferve  that  nature  is  provided 
with  the  element  of  fircg  a  material  agent,  of  fuf^ 
^cient  force  and  fubtilty  to  overcome  and  undo 
the  fbongeft  effeds  afcribed  to  cohefion:  sind  as 
yon  alio  know  that  the  defign  of  the  Creator  was 
to  build  rather  than  to  deftroy,  more  1:0  promote 
mo  orderly  difpofition  of  bodies,  than  to  caufe  their 
(iifiblucion,  you  will  be  led  to  fuppofe  that  the 
^ume  agent  ading  with  (bme  difference  of  condi^ 
jtioa  and  circuiD(hinces,  is  able  to  aflfed  both  th« 
jonc  apd  the  other. 

The  air,   for  inftance,  when  ftirred  into  a 

^empell,  will  tear  an  oak  up  by  the  roots  ;  but 

^oes  not  the  ianie  air  afllft  the  oak  and  all'  other 

trees  in  their  growth  ?  Does  it  not  noonfli  an^ 

'^- —  n^any  more  than  it  dcftroys  ?  Fire  hath, 

lanner,  it's  different  oflices :  that  it  is  thff 

:holic  diflblvent  of  nature,  few  will  denyi 

it  can  unite  as  weJJ  ^^  Ifpaurate,  ought  not 

iibted. 

'     Ui 

♦  Jones's  f  hy(iologtc4l  QlA|ut(itton|,  ' 
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Let  us  confider  it  for  a  iiiommt ,  as  ft  dific>i«> 

vent :  the  particles  of  mercury^  from  their  fyhe^ 

ricity^  feem  endued  with  a  ftrong  attradtion ;  yet 

thefe  will  ceafe  to  have  any  coheiion^  and  be  fepa^ 

irated  intp  vapour  by  a  degree  of  heal  but  iittla 

fsxceeding  that  of  boiling  water.     The  agency  of 

firc^  in  the  fame  manner^  fqon  rekix^  the  coheiion 

of  Winter  $  4  greater  di^ree  diflblves  the  union  o€ 

it*6  particlesj  and  raitea  thejm  aloft  in  fteam  oir 

vapour«    AU.other  fubAan€e9>  folid  and  fluids  aro 

iUbjed:  to  a  feparation  of  their  parts  by  the  eiw 

innce  of  Are  :  the  hardeft  metals,  how  clofely  ia« 

ever  the^r  ptirts  may  be  connei^edf  are  eafily  dtf« 

£blved,  ^d  reiidered  fluid  by  the  beat  of  a  furnace^ 

Jf  nature  be  providedj  by  it's  Author ^  wkh  an  ele- 

^oeat  ojf  fuch  pQwer  and  adivity^  39  enables  it  to 

m^r^jme  tthe  ltronge(t  cohefions,  it  caqnot  be  def«i 

^iti^e  of  an  ^ent  pQwerful  enough  to  caiiib  them  ^ 

if  it  f:|n  do  the  grea^ter^  it  can  cerminly  dfi  thq 

le£si.'    Fif^  ^<^iDg  bel^w  a  ceftain  degree^  collfo-^ 

Udate^  water  intp  ice ;  if  i^  a^ftst  above  that  degreo 

k  kfcep^  i(  fluid  ^  if  ta  a  higher  degree^  a  total  fe-* 

paratioQ  <h  paft^  enfue^  the  efieds  being  aafwerarr 

ble  in  every  ii^l^Q^e  |a  the  a<5tivity  and  conditioi^ 

pj  ^  f^aterud  agen$,     'pwo  pieces,  of  metal  cai|i 

i>ever  be  joi^^d  fa  as  to  poiTeft  their  peculiar  me-^ 

tftllic  tenacity^  buf  by  the  agency  of  fire.     When 

you  thus  fee  the  eflfedsr  vafy>as  often  as  there  is  any 

change  in  the  ele^nf  of  fire,  you  are  compelled 

by  all  the  fules  of  r^afori:  and  pbilofophy^  to  linder-- 

ibind  this  element  as  ^^  immediate  cauje  of  thojfc 

f fi^dts,  and  mufi  reqeive  it  as  fuch,  (ill  i^  is  de- 

monilrated  t;o  be  inadequate^ 

The  coheiion  of  bodies  by  t^  9^lkm  of  thia 

'  fluid,  may  be  illuftrated  and  cohfirai^  ty  fomc 

parallel  efFcds :  here  is  a  ftop-cock  wic^ed^  to  the 

heck  of  a  bladder,  that  it  may  be  fcrewed  on  the 

plate  of  our  air-pump  \  we  will  do  thi^,  and  ex* 
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hauft  the  ak  from  it :  this  done^  turn  the  (top-cock 
to  preTcnt  the  air  from  re-entering ;  take  it  off 
the  pump,  and  the  bladder  is,  as  you  faw  before 
in  one  of  the  preceding  Ledhires,  transformed  into 
two  flat  (kins,  fo  ftrongly  applied  together,  that 
you  cannot,  with  all  your  force,  feparate  one  from 
the  other:  on  the  contrary,  if  you  fill  the  bladder 
with  air,  and  turn  the  (top-cock,  to  prevent  it 
from  getting  out,  you  will  find  it  more  difficult  to 
brin^  the  (ides  together  (if  the  bladder  be  not 
ruptured  in  the  attempt,)  thsln  it  was  before  to  fe- 
parate them.     Now,  fuppofing  a  perfon  prefented 
with  this  fpciStacle,  unacquainted  with .  the  pref- 
forc  of  the  atmofphere,  as  you  were  before  this 
courfe  of  Le(5hires,  what  would  he  have  faid,  when, 
pultii^  at  the  (ides  of  the  bladder,  he  found  it 
impomble  to  lift  up  either  of  them.    If  acquainted 
with  philofophical  terms,  he  might  fay,  that  na- 
ture abhors  a  vacuum  ;  or  he  might  confider  it  as 
an  undeniable  proof  of  attra£lion.     When  the 
bladder  is  blown  up,  fuppofing  him  dill  ignorant 
of  the  fluid  within  it,  he  would  probably  (ay  that 
the  fides  repel  each  other,  or  that  they  zrtelaftics 
attributing  that  clalticity  to  the  folid  matter  of  the 
membrane,  which  is  the  property  of  the  folid  me- 
dium within  it.     You  remember  our  experiments 
with  the  Magdebtirgb  betni/pheres:  you  know  that 
if  the  air  be  exhaulted  from  within,  there  will  be 
an  cxcefs  of  prefTure  without,  which  fixes  the  he- 
mifphercs  firmly  together;  admit  the  air,  and  they 
fail  Ufundcr.     As  t\tTy  fluid  is  naturally  in  equi^ 
librh  with  itfelf,  the  air,  when  applied  to  both  the' 
inner  and  outer  fiirfaces,  will  prefs  with  equal  and 
contrary  forces,  which  of  courfe,  by  coUnteradiing, 
lieftroy  each  other.    . 

As  the  entrance  of  the  air  defkroys  the  ad- 
hefion,  by  reftoring  the  equilibrium,  it  is  plain 
ihcrc  ws^s  not  an  ccjuilibrium  before  $  the  ad:ion 

frum 


Digitized  byCjOOQlC 


Nature  and  PRopsRtiis  or  Firr*      13^ 

from  within  muft  have  been  weaker  than  the  a&ioa 
from  without :  when  the  former  of  thcfc  is  made 
equal  to  the  latter,  the  cohefion  ceafes ;  it  js  omc 
and  the  fame  fluid  that  on  this  occafion  exercifes 
the  offices  of  uniting  2Sid^  Jeparating  the  hemif** 
pheres. 

Let  us  now  pafs  from  the  furfaces  of  the 
bnJs  hemifpheres,  to  the  cohefion  of  brafs :  thij^ 
when  thrown  into  the  furnace,  foon  grows  red, 
^d  as  the  heat  increafes  becomes  in  a  manner 
tranfparent :  the  matter  of  fire  penetrates  into  the 
body  of  the  metal,  and  when  the  medium  within 
is  nearly  in  the  fame  condition  as  the  medium 
without,  there  is  an  end  of  it's  cohefion. 

An  effedt  which  is  thus  made  to  ceafe  in  a 
mechanical  way,  may  be  produced  in  the  fame  way; 
and  if  the  entrance  and  extrication  of  the  fire  dif- 
iblves  and  feparates  the  parts  of  the  metal,  wh/ 
may  not  the  preflure  of  the  fame  element  be  the 
true  caufe  of  their  cohefion  ;  the  fire  within  com- 
bining itfelf  at  the  fame  time  with  the  particles 
of  the  metal,  fo  as  to  have  lefs  power  to  exert  it- 
felf againlt  this  external  preflure.  If  you  den/ 
tjie  prefllire  of  the  air,  you  muft  Ijave  recourfe  to 
attraftion  or  fudion,  or  an  incorporeal  agency,  to 
account  for  the  adhefion  of  the  hemifpheres. 
Allow  but  the  exiftence  and  preflure  of  elementary 
fire,  the  reality  of  which  is  manifefted  to  as  many 
of  the  bodily  fenfes  as  air,  and  you  need  not  have 
recourfe. to  any  of  thefe  things  to  account  for  the 
cohefion  of  the  brafs.  If  any  experimentalift  can 
exhibit  one  fingle  Iblitary  inftance  of  a  cohering 
body,  where  he  can  prove  the  internal  and  external 
preuures  to  be  equal  in  all  refppfts,  we  will  grant 
him  in  this  cafe  his  attraiflion,  and  confefs  that  this 
cffeft  is  not  brought  to  pafs  in  a  pbyfical  way ; 
and  that  we  underftand  no  more  of  the  caufe  of  it's 
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e^efidn  than  he  has  eitprclfed   imcfer  that  vjord^ 
which  is  juft  nothing  at  all. 

Th^  flfFeds  of  heat  and  cold,  as  daily  exhi- 
bited to  our  feilfeis  in  the  ordinary  changes  of  the 
weather,  are  fufficknt  to  juftify  the  foregoing  in- 
ferences.    When  the  weather  grows  warm,  the 
power  of  cohcfiort  grows  weaker :  when  the  wca- 
ther  becomes  cold,  this  power  is  increafed;  and 
the  hardeft  of  rtictils,  itt  conAitsion  with  all  other 
bodies,  are  proportionably  altercfd  in  their  dimen- 
fions^.    Extre*r4e  h^at  will  dtffolve  them  ;  extreme 
cold  will  harden  and  render  them  {o  brittle,  that 
large  bars  of  iron  may  be  eafily  fhapt  afundcr,  after 
they  have  been  expofcd  all  night  in  the  open  air, 
to  a  fevere  froft.     A  power  of  fi>  fluAuating  a  na- 
ture, and  which  is  thus  increafed^  and  diminilhed 
with  every  cha?nge  of  the  elements,  can  b^  no  pro- 
perty of  the  cohering  matter.     If  the  changes  of 
the  atmofphere  arc  found  to  make  the  he^ts  of 
the  barometer  vary,  wh<>  can  doubt  that  the  freffurt 
of  the  air  is  the  fole  and  adequate  caufe  of  it*s  fiif- 
penfion  ?  And  accordingly,  if  the  air  be  totally  re- 
moved from  the  furface  of  the  cifternj  the  mercury 
drops  to  a  level  with  it :  thus  al(p,  if  the.  degrees 
in  a  cohering  body,  vary  with  the  de- 
leat,  where  ftould  we  feek  but  in  the 
fife  for  the  true  and  phyfical  caufe  of 

thing  points  out  that  cohefion  corrcf. 
I  what  we  conceive  to  be  a(fting,  when 
iminifhed  in  volume  by  loiing  it's  power 
an :  it  is  a  power  that  is  always  over- 

this  efFeft,  when  the  oppofitt  poweir,  or  - 
station,  is  incfcaftd. 
jperattioh  of  fire  is  varied  according  tcf 
I  conditions  in  which  it  may  be  found 
I  refifting^the  ailion  of  that  gravitating 

matter 
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matter  by  which  the  parts  of  the  bodjr  tend  to  ap« 
proach^  the  operation  of  the  matter  c^pofed  h 
called  heat»  and  diflinguifhed  in  being  that  of  di-« 
latation;  therefore,  when  the  volume  in  certaia 
cafes  is  augmented,  the  heat  of  dilatation  is  the 
proper  power  by  which  this  change  is  elFeded't 
but^  when  the  volume  of  a  body  is,  on  the  con^ 
trary^^jtowiilhed  by  the  influence  of  another  body^ 
that  is  iroid,  then  the  proper  ad:ion  of  heat  in  the 
condenfed  body,  is  as  much  overcome  as  is  that  of 
gravitation  in  the  other,  which  is  then  dilated. 

Natural  bodies  may,  therefore,  be  confidercd 
as  influenced  by  an  agent  ^ing  in  two  different 
modes :  in  the  one,  diminiihing  the  volume  of  the 
body ;  in  the  other,  augmenting  this  volume  in  di-- 
latation.  The  limited  extenfion  of  the  body  is- 
thus  conceived,  as  confining  in  the  proper  baliance 
of  thofe  oppofing  agents. 

Hence,  as  the  fixed  volume  of  a  body  (which 
is  not  abfolute  or  real,  but  apparent,)  arifes  from 
the  baliance  of  it's  powers ;  fo  the  a<^ual  and  per- 
ceived change^  in  the  volume  of  a  body,  are  oc-« 
cafioned  by  the  prevalence  of  one  c^  other  of  thofe 
powers,  according  as  increafe  or  dii:ninution  of 
volume  is  the  cffe(5t ;  and  thus  in  the  one  cafe  it  is 
the  dilating  power  of  fire  which  is  manifelted^ 
in  the  other  it  is  the  con>preffing  a6Uon  of  gravi-* 
ration  that  is  to  be  C€    ' 
caufe  I  though  the  mor 
tion  of  fire  (or  that 
beat,)  which^  in  comm 
tion  of  cold. 

Fire,  whei>  ading 
in  the  oppofite  diredic 
vitation,  by  which  ^he  \ 
thefe,  therefore,  arc  th 
volumes  of  bodies  ar 
xjucntly  prefervcd. 
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Thefe  alfo  give  rife  to  the  power  by  which 
clafticity  is  produced.  An  external  force  endea- 
vouring to  comprefs  a  body  into  a  fmaller  volume, 
confpires  with  the  proper  adion  of  gravitation, 
and  oppofes  that  of  heat :  if,  therefore,  after  hav- 
ing diminilhed  the  volume  of  the  body  by  com- 
prcflion,  the  external  for<:e  is  removed,  as  the  pro- 
per powers  of  the  body  remain,  elajlicity  Ihould 
appear,  by  which  the  natural  volume  of  the  body 
is  reftored. 

Of  true  and  false  Philosophy. 

Of  the  various  diftindtions  which  charadlerizc 
philofophy,  there  are  none  which  deferve  fo  much 
your  attention  as  thofe  which  feparate  what  is 
true  from  what  is  falfe :  from  thefe  you  will  learn, 
that  thofe  men  who  alfume  the  name  of  philofo- 
phers,  to  countenance  infidelity  and  licentiouf- 
nefs,  are  not  lefs  enemies  to  philofophy  than  to 
divinity. 

The  mind  of  that  man  who  conceives  fo 
falfely  of  the  Divine  oracles,  as  to  beliey^-that  they 
oppofe  true  and  ufeful  learning,  has  been  de- 
bauched by  fophiflical  reafonings,  or  debafed  by 
groveling  and  unworthy  purfuits.  Sacred  writ 
arms  us,  indeed,  againft  vain  philofophy,  and  all 
the  empty  fidlions  of  the  human  imagination, 
which  bring  forth  neither  pleafure  nor  profit ;  but 
then  it  invites  you,  in  the  fublimeft  drains,  to 
confidcr  the  works  of  God,  whofe  counfels  and 
perfcdlions,  as  they  are  difplayed  in  the  creatures^. 
will  ever  be  beft  underftood  by  thofe  who  ftudy 
tbetn  with  humility  and  attention. 

Learning  and  philofophy  never  fhonc  more 
bright  than  when  they  met  with  faith  and  religion 
in  the  mind  of  the  excellent  Lord  Bacon;  whofe 
opinion  it  was,  that  the  wonderful  works  of  God 
d$  minijler  a  fingular  help  and  frefervathn  againjt 

tnjidelity 
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infidelity  and  error.     If  there  be  any  philofophers 
fo  void  of  underftanding,  as  to  regard  the  fcicncc 
of  nature,  only  as  a  tower  of  ftate  for  a  proud 
mind  to  raife  itfelf  upon;  and  to  efteem  themfelves 
licentiates  in  infidelity,  becaufe  they  make  fomc 
figure  in  philofophy ;     it  may  poflibly  do  them 
fome  good,  to  look  back  upon  the  example  of  this 
great  man,  who  preferved  a  mind  untamted  with 
the  pride  of  hercfy  and  infidelity;  and  was  not 
more  to  be  admired  for  his  extenlive  learning  and 
experience  in  the  ways  of  nature,  than  for  his 
theological  Ikill  and  penetration  into  the  wifdom 
of  the   facred  writings:    "  There  are/*  fays  he, 
"  two  books ^  or  volumes  of  Jludy  laid  before  us  :  tf 
V)e  will  be  fecuredfrom  error ^  firji'^  the  Scriptures 
revealing  the  will  of  God,  and  then  the  creature' i 
exprejjing  bis  power,  whereof  the  latter  is  a  key  unto 
the  former:  they  are  both  written  by  the  finger  of  the 
•ne  eternal  God.'*  ' 

In  thefe  we  are  taught  that  the  fame  God, 
who  created  the  world  in  wifdom,  upholds  it  in 
mercy ;  that  in  him  we  live,  and  move,  and  have 
our  being.     If  the  fun  gives  us  light  and  warmth, 
it  is  his  fun,  which  he  maketh  to  rife  on  the  evil 
and  the  good.     If  the  clouds  pour  down  their 
water  upon  our  fields,  to  nourifti  and  bring  for- 
ward the  fruits  of  the  earth,  it  is  he  thzt  fendetb 
rain  on  the  juft  and  unjull :  to  him,  therefore,  the 
bleflings  that  are  difpenfed  to  us  in  the  ordinary 
courfe  of  nature,  are  to  be  devoutly  afcribed,  as  to 
the  primary  fource  of  all  life  and  motion.     This 
conclufion  will  be- equally  true,  whether  God  is 
fuppofcd  to  diftribute  the  benefits  of  nature  from 
his  own  hand  immediately,  or  by  the  mediation  of 
fecondary  caufes  of  his  own  appointing ;  for  either 
way  the  real  government  of  the  whole  can  only 
terminate  in  Mmfelf. 
Vot.  I.  R      *  Thcfc 
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There  are  foroc  who  difpute  againft  the  ope- 
ration of  fecond  caufes,*  as  thinking  it  to  derogate 
from  the  power  of  God,  that  he  Ihould  ftand  in 
need  of  their  afliftance.  But  they  Ihould  be  told, 
that  God  did  not  make  the  world  becaufe  he  him- 
felf  flood  in  need  of  any  thing:  it  was  for  the 
benefit  of  his  creatures ;  and  with  the  fame  views 
he  eftablilhed  the  operation  of  fecond  caufes,  con- 
fulting  therein  our  wants,  not  his  own.  | 

Man  is  a  compound  being,  made  up  of  two  | 
different  parts  that  claim  a  kindred  with  two  dif-   j 
ferent  worlds,  the  vifible  and  invifible.     The  na- 
tural, or  bodily  part,  muft  be  fupported  by  natural    : 
powers ;  the  fuperior,  or  fpiritual  part,  by  God,   ; 
who  is  a  fpirit,  and  whofe  powers  alone  can  pof-   \ 
libly  extend  to  it*s  wants.      When  nature  Ihall 
link,  and  the  fpiritual  world  open  upon  us,  God 
.himfelf  will  take  the  place  of  all  inferior  caafes. 
A  fpiritual  interpofition  is   not  wanting  in  the 
Cbrijlian  difpenfation ;  but  then  it  is  calculated 
for  the  benefit  of  mzn*s /pirity  while  his  body  is 
left  to  the  ways  of  nature.     The  two  kingdoms 
of  nature  and  grace,  as  two  parallel  lines,  corrcf- 
pond  to  each  other,  follow  a  like  courfe,  but  can 
never  be  made  to  touch.  An  adequate  underftanding 
of  this  diftindion  in  all  it's  branches,  would  be  the 
confummatioh  of  human  knowledge. 

*  ••  Certain  it  is,"  fays  Lord  Bacon,  «*  that  God  workcth  no- 
thing in  nature,  but  by  fecond  caufes  ;  and  if  they  would  have  it 
otherwife  believed,  it  is  mere  impofturcj  as  it  were  in  favour 
towards  God,  and  nothing  clfe  but  to  offer  to  the  Author  of 
Truth  the  unclean  facrifice  of  a  lie." 
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LECTURE    Vlt 
On  Fire.     • 

HEAT  and  cold  are  perceptions  of  which  we 
acquire  the- ideas  from  thefenfes:  properly 
fpeaking,  thefe  ideas  only  indicate  a  certain  ftatc 
in  which  we  find  ourfelves  independent  of  any 
exterior  objedt. 

But  as  thefe  fenfations  are,  for  the  moft  part, 
produced  by  fdme  of  the  bodies  which  furround 
us ;  and  as  they  are  generally  accompanied  in  the 
bodies  thcmfeives  by  an  augmentation  or  dimi- 
nution, of  fire,  we  confider  them  as  caufes ;  and, 
judging  by  appearances,  we  apply  the  names  hot 
and   cold  to  the  fubftances   themfelves,    calling 
thofe  hot,  which  produce  in  us  the  fenfation  of 
heat,    and   thofe   cold,  which   communicate  the 
fenfation  of  cold.     Whatever  be  the  nature  of  that 
quality  in  bodies  which  we  call  heat,  we  are  affured 
it  docs  not  refemble  the  fenfation  of  heat :  it  is 
no  lefs  abfurd  to  fuppofe  a  likenefs  between  the 
fenfation  and  the  quality,  than  it  would  be  to  fup- 
pofe that  the  pain  of  the  gout  refembles  a  fquare 
or  a  triangle.     The  moft  unlearned  man,  if  endued 
with  common  fenfe,  never  imagines  the  fenfation 
of  heat,  or  any  thing  that  refembles  it,  to  be  in  the 
fire ;  he  only  imagines  that  thtre  is  fomething  in 
the  fire  which  bccafions  this  fenfation :  but  as  the 
name  more  frequently  fignifies  this  unknown  fome- 
thing, than  the  fenfation  occafioned  by  it,  he  juftly 
laughs  at  the  philofopher  who  denies  that  there  is 
any  heat  in  the  fire.     The  contradiiflion,  however, 
between  the  philofopher  and  the  vulgar,  is  more 
apparent  than  real,   and  is  owing  to  an  abufe  of 
language  on  the  part  of  the  philofopher,  and  of 
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indiftindl  notions  on  the  part  of  the  vulgar.  The 
philofopher  fays  there  is  no  heat  in  fire,  meaning 
that  the  fire  has  not  the  fenfation  of  heat:  his 
meaning  is  juft,  but  his  language  is  improper;  for 
there  is  really  a  quality  in  fire,  of  which  the  pro- 
per name  is  heat ;  a  name  given  to  it  more  fre- 
quently both  by  the  philofopher  and  the  vulgar, 
than  to  the  fenfation  of  heat :  and  when  he  ex- 
plains himfelf,  and  fays  that  fire  does  not  feel  heat, 
the  difficulty  vanilhes,  and  the  vulgar  will  agree 
with  him.* 

And  further,  heat  and  cold  fignify  as  well  our 
fenfations,  as  the  modifications  of  bodies  occafion- 
ing  them :  therefore,  though  we  fay  the  fire  is 
hot,  and  makes  us  hot,  we  do  not  mean  the  fame 
thing  by  the  fame  word  in  both  places  :  thus  when 
we  talk  of  fire  melting  metals,  or  burning  com- 
buftibles  by  the  intenfenefs  of  it's  heat,  we  mean 
the  property  it  has  of  producing  the  alterations  wc 
fee  made  in  thofe  bodies ;  and  this  we  denominate 
heat,  from  that  befl:  known  effedt  we  find  it  have 
upon  ourfelves,  in  raifing  a  burning  fmart  in  our 
fleih  whenever  we  approach  near  enough ;  there- 
fore, thofe  who  would  find  fault  with  us  for  attri- 
buting heat,  &c.  to  inanimate  bodies,  are  too 
hafty ;  for  by  fuch  expreflions  we  do  not  undcr- 
ftand  the  fenfations,  but  the  qualities  giving  rife 
to  them,  which  qualities  really  belong  to  the  bo- 
dies :  fo  that  with  your  plain  neighbours  you  may 
maintain  fnow  t«  be  white,  fire  hot,  ice  cold, 
rofes  fweet,  poppies  ftinking,  wormwood  bit- 
ter, and  the  like;  and  this  you  may  juftly  do  without 
offence  to  propriety  of  fpeech,  or  to  found  phi- 
lofophy.  V 

Our  fenfations  depend  not  only  on  the  fub- 
ftanccs  which  excite  thcni,  but  on  the  acT:ual  fUtc 

of 

*  Rcid  on  the  IntcUcSual  Powers  of  the  Mind. 
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of  our  bodies  at  that  time ;  we  cannot,  therefore, 

conclude  the  exad  identity  or  limilarity  of  the 

caufe  from  the  famenefs  of  the  fenfations,  unlefs 

we    could  be  aflured  our  bodies  were  in  the  fame 

Hate ;  if  they  be  not,  the  fame  objed  will  produce 

very  different  fenfations  :  thus,  if  you  plunge  your 

Hand  into  luke-warm  water,  the  water  v/ill  appear 

cold,  if  your  hand  be  warm  ;  but  if  your  hand  be 

cold,  the  water  will  appear  to  be  warmi  though  in 

both  cafes  it  poffefles  the  fame  temperature. 

Of  sensible  Heat. 

Heat  and  cold  are  not  names  of  things  eflen- 
tially  different,  but  only  of  different  degrees  of  the 
fame  thing ;  that  is,  of  fire  in  motion.     The  pe- 
netrating power  of  fire  confidered  as  a  fenfation, 
or,  in  other  words,  fenjible  heat^  is  only  the  effect 
produced  upon  our  fentient  organs,  by  the  motion 
or  pafTagc  of  fire  difcngaged  from  the  furrounding  , 
bodies.     When  you  touch  a  cold  body,  fire,  which 
always  tends  to  an  equilibrium  in  all  bodies,  palfes 
from  your  hand  into  the  body  you  touch ;  this  loft 
of  fire  communicates  to  us  the  fenfation  of  cold. 
The  contrary  happens  when  we  touch  a  warm 
body ;  the  fire  then  pafling  from  the  body  into  our 
hand,  produces  the  fenfation  of  heat ;  if  the  hand 
and  the  body  touched  be  of  the  fame  temperature, 
or  very  nearly  fo,  we  receive  no  impreflion  of  heat 
or  cold :  our  fenfations  are,  therefore,  both  imper- 
feft  and  deceitful  meafures  of  heat,  and  will  not 
afcertain  the  condition  of  boBies,  with  rcfpec^l  to 
heat  and  cold ;  hence  philofophers  have  fought  for 
fome  method  by  which  they  determine  the  tempe- 
rature of  bodies  with  certainty  :     this  they  found 
in  that  property  of  heat,  whereby  it  expands  and 
dilates  all  bodies,  which  are  confequcntly  contraclcd 
by  lefs  degrees  of  heat,  or  what  we  term  coldt 
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Of  Thermometers. 

The  thermometer  (fig.  4,  pL  5,)  is  the  in-- 
ftrument  devifed  by  fcience,  and  executed  by  art, 
as  the  moft  extenfive  and  accurate  means  of  infor- 
mation, with  refpeft  to  the  difFulion  of  heat  among 
bodies.  It  is  perceptibly  affedled  by  the  dilatation 
of  a  fmall  quantity  of  fire  received,  or  by  the  con- 
denfation  following  upon  the  feparation  of  a  fimi- 
lar  quantity  of  fire :  confequently,  when  this  in- 
ftrumcnt  is  feverally  connected  with  bodies  being 
in  a  feparat^  ftatc,  the  different  or  equal  tempe- 
ratures of  thofc  bodies  may'  be  difcovered  by  the 
thermometer,  according  as  it  fhall  either  indicate 
difFufion,  or  no  diffufion,  of  heat  on  thefc  occa- 
fions.     In  other  words. 

Thermometers  are  inftruments  to  meafure  the 
degree  of  heat  by  the  expanfion  and  contradion 
of  different  fubftances.  Fluids  are  thofe  generally 
ufed,  becaufe  they  dilate  more  readily  than  folids. 
^iickfilver  is  preferred  to  other  fluids,  1.  From 
it's  unchangeabl^nefs :  2.  For  the  regularity  of  it's 
expanfion  :  3.  Becaufe  it  does  not  foil  the  tube* 

A  mercurial  thermometer  confifts,  as  you  fee^ 
of  a  tube  of  glafs,  the  end  of  which  is  blown  into 
a  ball  or  cylinder ;  the  ball,  and  part  of  the  tube, 
is  filled  with  mercury :  the  expanfion  or  contrac- 
tion of  the  mercury  is  (hewn  by  the  rife  and  fall 
of  the  mercury  in  the  tube,  which  is  meafured  by 
the  fcale  affixed  thereto.  The  fmaller  the  bore  or 
diameter  of  the  tube  is,  the  more  vifible  will  be 
the  rife  of  the  fluid  by  a  fmall  expanfion.  It  is 
not  fufficieht,  however,  to  have  found  a  meafure 
of  heat ;  it  mull  alfo  be  univerfal ;  that  is,  fpcak 
the  fame  language,  and  raife  the  fame  ideas  in  the 
mind  in  all  places^  and  at  all  times.  To  this  end 
•  it  is  necefTary,  i.  That  this  meafure  fhould  begin 
from  a  known  and  determinate  point :  2.  That  an- 
other 
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other  point  be  afccrtained  at  Tome  diftance  from 
the  former,  but  equally  fixed  and  certain:  3.  That 
the  Ipace  between  thcfe  two  points  be  divided  into 
a  given  number  of  degrees,  fo  that  the  fcale  may 
always  have  a  conftant  and  known  pi*oportion. 

It  has  been  clearly  proved,  by  numerous  ex- 
periments, that  the  freezing-point  of  water,  or 
temperature  of  ice  or  fnow  at  the  inftant  of  for- 
mation, or  rather  when  it  is  beginning  to  liquify, 
is   conftantly  the  fame  in  all   places,  and  at  all 
times.    The  fame  may  be  faid  of  the  boiling-point 
of  water,  or  the  temperature  at  which,  under  a 
given  preflure  of  tlie  atmofpher^,  an  ebullition 
takps  place.     If,  therefore,  the  bulb  of  a  thermo- 
meter be  plunged  into  melting  fnow,  and  after^ 
wards  into  boiling  water,  and  be  kept  in  each  till 
it  acquires  their  temperature,  and  marks  are  made 
at  therefpedive  heights  the  mercury  (lands  atonthe 
imraeriion  in  each  temperature,  two  fixed  points 
will  be  obtained.     To  make  this  plainer,  if  you 
put   the  bulb  of  a  mercurial   thermometer   into 
melting  fnow,  it  will  fall  to  a  certain  point,  where 
it  will  remain  till  the  fnow  be  melted ;  Ihewing 
you  that  fnow  has  always  a  certain  degree  of  cold- 
nefs^  and  has  the  power  of  reducing  mercury  to 
the  fame  degree.      In  the  fame  manner,  if  you 
plunge  your  thermometer  into  boiling  water,  it 
always  rifes  to  the  fame  height.    While  you  are  in 
he^th,  if  you  place  the  bulb  of  a  thermometer  in 
the  mouth,  it  will  always  rife  to  a  certain  point. 

In  a  good  thermometer  it  is  neceflary  that  the 
fpace  between  the  mercury  and  the  fealed  end  of 
the  tube  be  free  from  air ;  if  this  be  effedted,  the 
mercury  in  the  tube  will  run  backwards  and  for- 
wards upon  inverting  the  inftrument.  The  fcale 
rnuft  be  adjufted  to  the  inequalities  of  the  tube ; 
the  fixed  points  muft  be  accurately  afcertaincd. 
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The  thermometers  moft  in  ufe  at  prefent  are 
Fahrenheirs^  Rcaumur^s,  and  Celfius's.  In  Fah- 
renheit's fcale,  the  number  of  decrees  between  the 
freezing  and  boiling  water  point  is  1 80 ;  the  freez- 
ing point  being  at  32'',  and  the  boiling  point  at 
212^:  both  the  numbers  are  above  o,  or  the  point 
from  which  ithe  degrees  are  numbered  both  ways. 
In  Reaumur's  fcale  the  number  of  degrees  be- 
tween  thefc  two  points  is  80,  and  the  freezing  point 
is  called  o*^*  In  Cclfius's  thermometer  the  in- 
terval  is  divided  into  ioo>  and  the  freezing  point 
is  0°,  as  in  Reaumur's.  To  reduce  thefe  icales  to 
each  other,  you*  muft  obferye  that  one  degree  of 
Fahrenheit's  is  equal  to  four-ninths  of  a  degree  of 
Reaumur's,  and  to  five-ninths  of  a  degree  of  Cel- 
fius's :  therefore,  if  you  multiply  the  number  of 
degrees  below  or  above  the  freezing  point  of  Fah- 
renheit's by  4,  and  divide  the  produd:  by  9,  the 
quotient  will  be  the  correfponding  number  on 
Keaumur's  fcale.  If  the  multiplier  5,  and  •  the 
divifor  9,  be  ufed,  the  quotient  will  give  the  de- 
grees of  Celfius's  fcale :  ^nd,  on  the  contrary,  if 
any  number  of  degrees  be  multiplied  by  9,  and 
divided  by  4,  if  of  Reaumur;  by  5,  if  of  Celfius; 
the  quotient  will  give  the  degrees  of  Fahrenheit, 
either  above  or  below  the  freezing  point,  accord- 
ing to  the  cafe. 

The  dilatations  and  contradlions  of  the  mer- 
curial thermometer  are  nearly  proportional  to  the 
quantity  of  fire,  which  are  communicated  to  the 
fame  homogeneous  bodies,  orfeparated  from  them, 
as  long  as  they  retain  the  fame  form:  thus  the 
quantity  of  heat  required  to  raife  a  body,  four  de- 
grees in  temperature  by  the  thermometer,  is  nearly 
double  that  which  is  required  to  raife  it  two  de- 
grees ;  four  times  that  required  to  raife  it  one  de- 
gree, and  fo  in  proportion. 

The 
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The  determination  of  the  correfpondence  be- 
tween the  degrees  of  the  thermometer,   and  the 
adtual  variations  of  the  heat  of  fluids,  has  been 
accurately  inveftigated  by  Mr.  De  Luc  :  he  laid 
it  down  as  a  principle,   ^hat  if  equal  quantitie}  of 
hot  and  cold  water  he  ?nixed  together,  the  difference 
of  beat  will  be  equally  divided  between  them:  from 
whence   it   was    concluded,   that   a   thermometer 
being  immerfed  in   hot  water,   and  alfo  in   cold, 
previoully  to  the  mixture,  if  the  expanfions  were 
in  proportion  to  the  quantities  of  fire  communi- 
cated,   it  would  point  after  the  mixture  to  the 
arithmetical  mean,  or  to  half  the  difference  of  thf 
feparate  heats  added  to  the  lefs,  or  fub traded  from 
the  greater.     Thus,  a  quantity  of  water  at  45.5,* 
being  mixed  with  an  equal  quantity  at  200.75,  the 
thermometer   indicated  fomewhat    lefs    than   the 
arithmetical  mean;  the  deviation  was  not  more 
than  two  degrees  below  that  point.     The  experi- 
ment was  repeated  at  different  temperature*  with 
a  fimilar  refult ;  from  whence  M.  De  Luc  inferred 
that  the  mercurial  thermometer  is  nearly  an  accu- 
rate  meafure   of  heat.      The   experiments  from 
which  this  fundamental  principle  is  derived,  have 
been  examined  with  peculiar  care  and  accuracy  by 
Dr.  Crawford  ;  who  ftill  found  that  the  expanfions 
of  the  mercury  in  the  thermometer,  are  corref- 
pondent  with  the  heat  it  receives ;  and  that  it  is, 
therefore,  an  accurate  meafure  of  heat. 

When  the  thermometer  is  rifing,  it  ihews  that 
fire  is  entering  into  the  furrounding  bodies :  the 
thermometer,  which  is  one  of  thefe,  receives  it's 
Ihare  in  proportion  to  it's  mafs,  and  the  capacity 
it  has  for  containing  fire.  The  change,  there- 
fore, which  takes  place  in  the  thermometer,  an- 
nounces 

*  We  always  mean  Falirenheifs  fcale,  unlefs  when  otherwife 
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nr.K--  *z  a  :r-r^  if  s^^z.ir.,  and  probably  a  chinge 
#>l'  "  *,:e  n  1.:^  "ir^  •r^n'j^.'iTd  in  the  furroundiDg 
b-^:.'*-,  iTi  n'  'v\^:a  .:  c.f  rcrms  one  part:  it 
ir.:*  ::*:'-  i:::*  ::rr::oii  r^izir  <^i  ;  but  is  not  a  mcu 
fi.rr  '.f  i.:e  v.  .:•  .j  j  -Lnrirr  i^cHiiaged,  difplaccd, 
or  ahu^r^ei.  ^»  \::  cin".  c  CLiuce  with  accuraqf 
frrrr*  it  zr.c  rr?  -^'i::.":  •=:'  :u:::s  from  living  bodici, 
cr  _:.r^rrr^-i^  v.it  t-  _  /.  -^  :he  temperature  of  any 
f.  ^--r.  :e;  :' r  tlie  .  ,ilt  -^f  :he  thermometer  is  a 
Icale  cf  r'.vr-;-:  / -t,  r.cc  cr  hear. 

As  it  li  z:7^r.z:2l  t^  j-rr.ceivc  clearly  what  ii 
leawT  indicared  '^y  the  clT:^m:ometer,  let  us  fuppofc 
a  therrrcmer^r  in  a  y^^TA  f^ll  of  water :  now  both 
the  uacer  and  rhe  chenrcmut^r  contain  fire,  and 
thi^  hai  a  tendency  to  qui:  both.  If  this  force  be 
tcuzl  in  each,  the  mercury  will  neither  rife  nor 
fall  on  plun^nn^  the  iniimnient  into  the  water,  be- 
caufc  fire  has  the  fame  dccrree  of  expanfibility  in 
e^ch;  and  the  the nnometer  thews,  by  the  degree 
on  it*l  fcale,  the  i^^.p'frjsunr  of  the  fluid. 

If  the  cxpanfive  force  of  the  fire  in  the  water, 
Of  it's  tendency  to  quit  the  wacer,  be  greater  than 
that  of  the  fire  in  the  thermometer,  it  will  pafs 
into  the  thermomercr,  and  expand  the  mercury  till 
the  fire  in  each  has  the  fame  force;  fo  that  the 
mercury  w  ill  in  this  cafe  ilib  indicate  the  tem- 
perature of  the  fiuid.  If  the  tenfion  of  the  fire 
be  lefs  in  the  water  than  in  the  thermometer, 
the  excefs  will  be  communicated  by  the  ther- 
mometer to  the  vatcr  until  they  have  acquired 
an  r.]uilibrii:m  ;  the  thermometer  will  defcend 
03  the  fire  abandons  it,  and  ceafe  to  defcend  when 
fhe  cxpanfive  force  is  equal  in  each  ;  fo  that  in 
'^.s  cafe  a! lb  it  indicates  the  temperature  of  the 
water.  * 

Bu:  this  expanfive  avftion  of  fire  depends  on 

two 

•  bee  riftot  on  Fire, 
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two  caufes :  the  degree  of  it's  accumulation,  or 
abfolute  denfity,  and  on  the  faculty  of  the  fub-i 
ftance  in  which  it  is  accumulated,  to  reftrain  or 
retain  it,  which  is  often  called  \V&  fpecific  heat: 
the  cxpanfibility  is  in  the  diredt  ratio  of  the  den- 
iity,  and  inverfe  of  the  fpecific  heat.     From  what 
has  been  faid,  I  hope  it  ftill  appears  more  evident, 
that  thermometers  do  not  teach  us  any  thing  con- 
cerning the  abfolute,  or  even  relative  quantity  of 
fire  that  is  contained  in  bodies  :  They  only  indicate 
the   tranjlations  or  transfuftons  of  the  igneous  fluids 
and  Jub divide  into  nearly  equal  aliquot s,  a  certain 
portion  of  the  entire  fcale  of  heat. 

Of  latent  Fire,  and  specific  Heat. 

l/Ct  us  fuppofe  a  point,  or  focus,  from  whence 
there  iiTues  a  conftant  and  uniform  emanation  oC 
fire ;  and  that  at  equal  diftances  round  it  feveral 
fubftances  of  the  fame  nature  and  fize  be  placed  ; 
thefe  will  all  be  penetrated  by  the  igneous  emana- 
tion, and  their  temperature  will  rife  by  equal  de- 
grees, and  will  ceafe  to  rife  when  the  fire  within 
(hall  have  acquired  an  expanfive  force  equal  to  that 
of  the    cmaning    fire :    but    if  the    fubfl:ances, 
though  of  equal  mafs  or  weight,  arc  of  a  different 
nature ;  as,  for  infl:ance,  a  pound  of  water,  a  pound 
of  glafs,  a  pound  of  mercury,  &:c.  the  fire  will  pe- 
netrate them  all,  and  they  will  all  finally  acquire 
the  fame  temperature,  but  in  different  fpaces  of 
time,  and  by  diffimilar  degrees.     This  may  depend 
on  two  caufes  not  eafily  feparable  :  the  different 
permeability  of  thefe  fubftances  to  the  matter  of 
fire,  or  to  their  faculty  of  conducing  heat,    in  vir-^ 
tue  of  which  a  longer  or  fliorter  time  is  required 
to  penetrate  their  texture.     The  greater  their  fa- 
culty of  containing  or  retaining  liberated  heat,  the 
more  will  they  permit  fhe  accumulation  thereof, 
before  an  equilibrium  in  the  expanfive  force  takes 

place ; 
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place ;  confcqiicntly  you  cannot  infer  that  this 
equilibrium  is  occalioncd  by  equal  accumulations 
of  fire. 

If  an  hygrometer  be  applied  to  different  fub- 
fiances,  as  blotting  paper,  fpunge,  and  wood,  the 
moment  they  are  taken  out  of  the  water,  it 
might  (hew  us  that  they  were  equally  wet,  but 
would  leave  us  altogether  ignorant  of  the  quan- 
tities of  water  they  contained:  in  like  manner, 
the  thermometer  applied  to  fubftances  heated  to 
the  fame  degree,  will  jfiicw  that  the  fire  has  an 
equal  expaxifibility  in  each ;  but  it  teaches  us  no- 
thing as  to  the  atfolute  or  relative  quantities  of 
fire  which  produce  this  tendency:  but  you  may  1 
obtain  the  relative  quantities  of  water  in  the  three 
filbftances,  by  drying  them  to  the  fame  degree  in 
an  apparatus  proper  to  feledl  fepaiately  the  water 
which  will  abandon  them.  So  you  may  likewife 
obtain  the  relative  quantities  of  fire  contained  by 
the  various  fubftances  heated  to  the  fame  thermo- 
metric  degree,  if  you  cool  them  to  the  fame  de- 
gree in  an  apparatus  proper  to  receive  and  mcafurc 
ieparately  the'  quantity  of  fire  which  abandons 
them  during  their  refrigeration :  this  may  be  cf- 
fcded  either  by  means  of  mixture,  or  by  the  ap- 
paratus contrived  by  Meffrs.  Lavoifier  and  De  La 
Place.  This  reafoning,  as  well  as  the  experiments 
on  which  it  is  founded,  are  clear  proofs  of  the  ma- 
teriality of  fire. 

Fire,  confidered  in  this  point  of  view,  as  ac- 
cumulating in  a  greater  or  lefs  quantity  in  fub- 
ftances of  different  natures,  but  of  equal  niaffes, 
and  in  which  it  acquires  the  fame  expanfive  force, 
is  often  termed  /pacific  heat:  it  is  the  relation  of 
the  quantities  of  fire  neceffary  to  raife  different 
fubftances  of  equal  niaUcs  to  the  fanic  tempera- 
ture. 


Digitized  by  VjOOQLC 


Nature  and  Properties  op  Fire.        253 

YV?  dif cover  the  quantity  of  fire  contained  in 
iodies,  Meflrs.  Lavoifier  and  De  La  Place  inventtd 
a  fimplc,  but  admirable  inftrument,  to  which  they 
have  given  the  name  of  calorimeter,  or  apparatus 
for  meafuring  the  relative  quantities  of  fire  con- 
tained in  bodies ;  it  is  founded  upon  the  following 
principles,    i.  That  if  any  body  be  cooled  to  the 
freezing  point,  and  then  expofcd  to  an  atmofphcrc 
of  88.25,  it  will  be  heated  gradually  from  the  fur- 
face  inwards,  till  at  laft  it  acquires  the  lame  tem- 
perature with  the  furrounding  air;  2.  That  if  a 
piece  of  ice  be  placed  in  the  fame  fituation,  the 
circumftances  are  quite  different ;  it  does  not  ap- 
proach in  the  fmalleft  degree  towards  the  tempe- 
rature of  the  circumambient  air,  but  remains  con- 
ftantly  at  32®  (or  the  temperature  of  melting  ice) 
till  the  laft  portion  of  ice  be  completely  melted  : 
in  other  words,  ^hat  ice  ah/orbs  all  the  fire  commu^ 
nicated   to   it,  zvithout  communicating  it   to  other 
bodies,  until  the  whole  be  melted;  and  confequenti/ 
that  we  may  calculate  the  degrees  of  heat  commu- 
nicated by  the  quantity  of  ice  which  is  melted. 

This  phenomenon  is  thus  explained :  To  melt 
ice,  or  reduce  it  into  water,  it  muft  be  combined 
with  a  certain  portion  of  fire  :  the  whole  quantity 
firft  cqmmunicated,  is  fixed  at  the  furface  of  the 
external  layer  of  ice  ;  this  it  diflblves,  combining 
with  it  to  form  water ;  the  next  quantity  combines 
with  the  fecond  layer,  and  forms  it  into  water ; 
and  fo  on  fuccclTively,  till  the  whole  ice  is  diflblved 
and  converted  into  water  by  being  combined  with 
fire;  the  laft  atom  ftill/remaining  at  it's  former 
temperature,  becaufe  the  fire  never  penetrates  fo 
far,  as  long  as  any  intermediate  ice  remains  to  be 
melted. 

Upon  thefe  principles,  if  you  imagine  a  hol- 
low fphere  of  ice  at  32*^,  placed  in  an  atmofphcrc 
of  54  5^,  and  containing  a  fubftancc  at  any  de- 
gree 
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gree  of  temperature  above  freezing,  it  will  follow, 
I  •That  the  heat  of  the  external  atmofphere  can- 
not penetrate  into  the  internal  cavity  of  the  fpherc 
of  ice  :  2.  That  the  heat  of  the  fubftance  placed, 
cannot  penetrat^e  outwards  beyond  it,  but  will  be 
flopped  at  the  internal  furface,  and  continually 
employed  in  nyelting  fucceflive  layers  of  ice,  until 
it's  temperature  is  reduced  to  32^,  by  having  all 
the  heat  above  that  temperature  carried  off  by  the 
ice :  3,  If  the  quantity  of  water  within  the  fphere 
of  ice  during  the  experiment  be  carefully  col- 
le<5lcd,  the  weight  of  the  water  will  be  exadly 
proportional  to  the  quantity  of  fire  loft  by  the  body 
in  pafling  from  it's  original  temperature,  to  that  of 
melting  ice ;  it  being  evident  that  a  double  quan- 
tity of  fire  would  have  melted  a  double  quantity  of 
ice;  ind  that  the  quantity  of  ice  melted  is  an 
^xad  meafure  of  the  quantity  of  fire  employed  to 
produce  theefFedl ;  and  of  the  quantity  loft  by  the 
only  fubftance  from  which  it  could  be  obtained. 
The  foregoing  fuppofition  is  only  made  to  explain 
more  readily  the  nature  of  the  experiments  and 
apparatus  ufed  by  M.  De  La  Place :  an  apparatus 
fo  contrived,  i.  That  the  ice  abforbs  all  the  fire 
difengaged  from  the  bodies  under  examination: 
2.  That  the  ice  is  fecured  from  the  adtion  of  every 
other  ful)ftance  which  might  facilitate  it's  fufion: 
and,  3dly,  To  coUecfc  with  care  the  water  produced 
by  the  fufion. 

The  apparatus  confifts,  as  you  fee,  of  three 
circular  veffels,  nearly  infcribed  in  each  other, 
(fig.  12  and  13,  pi.  4,)  fo  that  three  vacancies  are 
produced.  The  interior  fpace  or  vacancy  is  formed 
by  an  iron  grating  upon  fupports  of  the  fame  me- 
tal ;  here  it  is  that  the  bodies  fubjeded  to  experi- 
ment are  placed.  The  top  of  this  cavity  is  clofed 
by  means  of  a  covcx :  the  middle  fpace  next  to  this 
is  defigned  to  contain  the  ice  which  furrounds  the 
I  interior 
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interior  copartment :  this  ice  is  fupportcd  and  re- 
tained by  a  grate,  upon  which  a  cloth  is  fpreftd ; 
in  proportion  as  the  ice  melts,  water  flows  through 
the  grate  and  the  cloth,  and  is  collcded  in  a  vejQTel 
placed  underneath.  Laftly,  the  external  place  cm* 
copartment  of  the  apparatus  contains  ice,  intended 
to  prevent  the  efFcdl  of  the  external  heat  of  the 
atmofphere. 

To  ufe  this  machine  the  middle  or  fecond 
ipace  is  filled  with  pounded  ice,  as  is  alfo  the  covet 
of  the  internal  fphere ;  the  fame  thing  is  done  with 
"  regard  to  the  external  fpace,  as  well  as  to  the  ge- 
neral cover  of  the  whole  machine :  the  intericw 
ice  is  fufFered  to  drain ;  and  when  it  ceafes  to  af- 
ford water,  the  covering  of  the  internal  fpace  is 
raifed  to  introduce  the  body,  upon  which  the  ex- 
periment is  intended  to  be  made :  the  covering  is 
to  be  put  on  immediately,  and  the  whole  apparatus 
remains  untouched  until  the  included  body  has  ac- 
quired the  temperature  of  32,  or  the  freezing  tem- 
perature of  water,  which  is  the  common  tempera- 
ture of  the   internal   capacity :    the  quantity  of 
melted  water  afforded  by  the  melting  ice  is  then 
•weighed ;  and  this  may  be  confidercd  as  an  accu- 
rate meafure  of  the  heat  difengaged  from  the  body, 
becaufe  the  fulion  of  the  ice  is  the  eft'ccl  of  this 
heat  only.     Experiments  of  this  kind  laft  15,  18, 
or  20  hours. 

It  is  of  great  confequence,  that  in  this  ma-  ' 
chine  there  Ihould  be  no  communication  between 
the  middle,  or  fecond,  and  the  external  fpace. 

The  air  of  the  room  fhould  not  be  lower  than 
32,  becaufe  the  ice  would  then  receive  a  degree  of 
cold  lower  than  That  temperature. 

As  fpecitic  heat  is  the  quantity  neceflary  to 
raifc  bodies  to  the  fame  number  of  degrees  of 
temperature ;  when  the  fpecific  heat  of  a  folid 
body  is  required,  it's  temperature  muft  be  elevated 

a  certain 
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a  certain  number  of  degrees  ;  at  which  inftant  it 
jnuft  be  placed  in  the  internal  fphere>  and  there 
left  until  it's  temperature  is  reduced  to  32*^ :  the 
water  is  then  colleded,  and  this  quantity  divided 
by  the  product  of  the  mafs  of  the  body ;  and  the 
number  of  degrees  of  it's  original  temperature 
above  32^,  will  be  proportional  to  it's  fpecific 
heat. 

Fluids  are  inclofed  in  vcffels.  whofe  heat  has 
been  prcvioufly  determined.  The  operation  is  the 
fame  as  for  folids ;  excepting  that  the  quantity  of 
water  afforded,  muft  be  diminiftied  by  a  dedudion 
of  that  quantity  which  has  been  melted  by  the  heat 
of  the  veflel. 

To  determine  the  heat  difengaged  during  the 
combination  of  different  fubftances,  they,  as  well 
as  their  containing  veflels,  muft  all  be  reduced  to 
32;  and  then  placed  in  the  internal  fphere,  and 
the  quantity  of  water  colledled  is  the  meafu«,,of 
the  difengaged  heat. 

To  determine  the  heat  of  combuftion  and  ref- 
pi ration,  as  the  renewal  of  air  is  indifpenfible  in 
thefe  two  operations,  it  is  neceflary  to  eftablifti  a 
communication  between  the  internal  part  of  the 
fphere,  and  ;he  furroundini^  atmofphcre:  to  pre- 
vent error,  thtfe  experimeiVvs  Ihould  be  made  when 
the  temperature  of  the  air  differs  very  little  from 
the  freezing  point. 

For  gaffes,  a  current  muft  be  eftabliihcd 
through  the  internal  part  of  the  fphere,  and  two 
thermometers  are  to  be  ufcd ;  one  at  the  place  of 
introduAion,  and  the  other  at  the  place  of  efcap^ : 
by  a  comparifon  of  the  temperatures  exhibited  by 
thcfc  two  inrtruments,  a  judgment  is  formed  of  the 
heat  abforbedj  and  the  melted  ice  is  meafured* 


Methods 
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Methods  of  measuring  great  Degrees  op 
Heat. 

As  the  degrees  of  heat  can  only  be  apprc- 
:iated  by  it's  eifeds;  and  as  fluid  thermometers 
ran  only  be  ufed  in  temperatures  below  their  point 
)f  boiling,  various  inftruments  have  been  contrived 
0  eftimate  the  efFeds  of  heat ;  fome  of  thefe  have 
Dcen  already  defcribed  :  I  fhall  now  give  you  an 
iccount  of  one  contrived. by  Mr.  Wedgewood,  for 
ifcertaining  themeafure  of  the  more  intenfc  degrees 
of  heat. 

The  fubftance  he  ufes  for  this  purpofe,  confifts 
of  three  parts  of  argillaceous  earth  added  to  two 
parts  of  the  liliceous  kind,  which  are  well  walhed, 
&c.  and  then  dried:  this  dry  clay  is  foftened  by 
adding  two-fifths  of  it's  weight  of  water ;  and  is 
formed  into  pieces  by  comprefling  it  through  holes 
of  proper  dimenfions,  in  ^e  bottom  of  a  veflel ; 
and  when  dry  thefe  pieces  are  expofed  ,to  the  fire, 
and  fhcw  it's  intenfity  by  the  contradion  of  their 
dimeniions,  which  are  afcertained  by  a  gage  made 
of  two  ftrait  pieces  of  brafs  24  inches  long,  di- 
vided into  inches  and  tenths :  they  are  fixed  on  a 
brafs  plate,  fo  as  to  be  fix  tenths  of  an  inch  afun- 
derac  one  end,  and  three  tenths  at  the  other;  fo 
that  ojie  end  of  the  pieces,  when  properly  fized, 
juft  fills  the  wider  end, :  if  this  piece  be  diminifhed 
by  heat  one-fifth  of  it's  bulk,  it  will  pafs  through 
one-half  the  length  of  the  gage ;  if  diminiftied 
two-thirds,  it  will  pafs  on  to  the  narrower  end ; 
and  in  any  intermediate  contradion,  the  degree  at 
which  the  piece  ftops  againft  the  converging  fides 
^vill  mcafure  it's  contraction  ;  each  diviflon  of  the 
fcale  anfwering  to  Thith  part  of  the  breadth  of  the 
piece  of  clay. 


Vol.  I.  S  Experiment^ 
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Experiments  hy  this  Thermometer. 

156  Common  Chincfc  porcelain  becomes  foft. 
150  A  Heflian  crucible  melted  into  a  flag-Hl 

fubftance. 
130  Caft-iron  melts. 
125  Heat  of  a  common  fmith's  forge. 
124  Vitrification  of  plate-glafs. 
1 14  Ditto  of  flint-glafs. 
121  Bow  china,      ^ 
112  Derby  china,    >vitrified. 
105  Chelfea  china,  J 
102  Stone- ware,  fixed. 

95  Welding  heat  of  iron* 

86  Queen's  ware,  fixed. 

32  Gold,  -^ 

28  Silver,  l«.^i^^^ 

27  Swedifti  copper,  p^^^^^- 

21  Brafs,  J 

o  Red  heat  vifible  in  the  day. 

Dr.  Martine,  to  obferve  the  quicknefs  with 
which  bodies  heat  and  cool,  put  an  equal  quantity 
of  mercury  and  water  into  two  diftindl  phials 
clofely  flopped;  and  found,  upon  putting  them 
into  boiling  water,  that  the  mercury  received  heat 
much  fooner  than  the  water,  and  in  greater  quan- 
tity, and  loft  it  much  fooner,  notwithftanding  it's 
denfity ;  hence  the  temperature  of  mercury  is  more 
cafily  raifed  than  that  of  water.  To  know  the 
equilibrium  of  heat  among  various  fubftances,  ex- 
periments muft  be  made  upon  them ;  as  it  varies 
irregularly,  and  feveral  of  the  metals  require  lefs 
fire  to  heat  them  than  water:  thus  the  lame  fire 
heats  lead  twice  as  much  as  water ;  or  lead  lofcs 
and  gains  as  5  to  2  ;  thus  heat  water  and  lead  to  the 
fame  point,  and  then  two  cubic  inches  of  water 
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vill  produce  as  much  heat  in  cold  Watery  as  5  cu-^ 
)ic  inches  of  heated  lead  would  do  in  the  fame 
]uantity  of  water.  Tin  and  glaft  require  half  the 
{uantity,  or  as  4  to  2  :  iron  requires  the  fame 
mantity  as  water ;  copper  fomewhat  more :  hence 
:nc  intenfe  heat  of  iron  and  copper  when  red-hoti, 
On  thcfc  principles  Dr.  Black  had  a  method  of 
rftimating  high  degreed  of  heat :  for  having  ifound 
that  iron  and  water  were  heated  equally  by  the 
fame  degree  of  heat,  he  took  a  piece  of  red-hot 
iron  of  a  determinate  fize,  and  plunged  it  into  100 
times  it's  bulk  of  water;  and  when  the  whole  of 
the  heat  which  was  concentrated  in  the  iron,  was 
diSufed  through  the  water,  he  meafured  the  heat 
tof  the  water  by  a  thermometer :  this  multiplied 
by  100,  gave  the  heat  of  the  iron  when  red-hot.    • 

Sir  Ifaac  Newton  thought  that  the  progreffion 
witK  Which  lieat  is    communicated   or  Tofti   is 
georAfeti-ical ;  Dr.  Martine,  that  it  is  a  compound 
of  geometrical  and  arithmetical  progreflion.     Dr* 
Black  thinks  the  method  of  making  experiments 
to  inveftigate  this  progreffion,  (hould  be  by  ftreams 
of  air  and  water  paffing  off  continually :  thus  the 
cooling  caufe  would  keep  a  conftant  equal  pro- 
greffion ;  but  if  the  cooling  medium  of  air  or  wa- 
ter be  (lagnant,  the  cafe  is  quite  changed  :  on  this 
principle  depend  the  phenomena  of  air,  which  in 
ftill  calm  weather  feems  warmer  than  in  windy 
weather,  though  by  the  thermometer  we  find  it  the 
fame :  in  calm  weather  our  bodies  make  a  kind  of 
atmofphere  of  their  own,  which  is  warmer  than  the 
furrounding  atmofphere.  Air,  when  agitated,  is  not 
thereby  made  cooler ;  yet  if  you  blow  with  a  bellows 
on  apiece  of  ice,  it  'will  melt  fooner  than  when  not 
blown  upon,  becaufe  you  blow  away  a  fmall  por- 
tion of  air  which  the" ice  had  cooled  round  it* 

As  the  methods  of  making  experiments  on 
higb  degrees  of  heat  are  of  the  utmoft  importance. 
Si-".  Ilhall 

* 
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I  Ihall  now  lay  before  you  the  means  ufed  by  the  Rev, 
Mr.  Jones  for  this  purpofe.  His  firft  attempt 
with  the  inftrument  we*  ufed  to  exemplify  the  fowe 
of  fire.  To  reduce  it's  motion  to  the  ordinary  fcite 
of  Fahrenheit,  this  bar(j?g-.  3,  E,  pi.  5,)  was  ittcta- 
ded  in  a  brafs  box,  and  was  heated,  together  witht 
mercurial  thermometer,  by  the  application  of  boiliBg 
Water ;  and  when  it  appeared,  by  the  index,  cM 
the  bar  had  acquired  as  much  heat  as  the  wa* 
would  communicate,  the  heat  of  the  wat«r  in* 
marked  by  the  thermometer  By  this  means,  te 
difcovered  what  number  of  degrees  in  the  gradu^ 
ted  arch,  anfwered  to  a  certain  number  of  degrc<* 
on  Fahrenheit's  fcale ;  as  the  mbtion  of  the  iiidet 
was  not- equable  in  all  parts  of  tiie  arch,  he  afcer- 
rained  it's  irregularities  by  the  micrometer  fcre# 
and  plate* 

Two  fubftantial  iron  heaters  were  made  itd- 
hot^  and  then  applied  in  turn  to  the  bar  under  ex- 
amination ;  and  thus  the  degrees  of  heat,  at  which 
the  feveral  colours  appear  on  the  poliflied  fiirfacct 
of  brafs  and  ir(m  bars,  were  readily  obtained.  The 
foregoing  method  not  carrying  Nfr.  Jones  lb  fer  as 
he  wifhed  to  go,  he  then  adopted  another  mode, 
founded  upon  this  principle.  That  denfe  flukb 
acquire  heat  fooner  than  rare  ones  j  water  hcas 
mercury  more  and  quicker  than  mercury  hcat> 
water.  To  render  this  evident,  let  us  immefgt 
thefe  two  thermometers,  one  made  with  fpirics^ 
the  other  with  mercury :  you  fee  how  fluggilh  the 
fpirits  moved,  and  how  foon  the  mercury  acquired 
it's  greateft  degree  of  exjmnfion  :  you  may  render 
this  ftill  more  evident  by  plunging  an  heated  iron 
into  an  open  veffel  of  mercury  :  if  you  agitate  the 
heated  iron  fuddenly  under  the  mercury,  all  the 
heat  it  is  capable  of  receiving  is  communicated 
almoft  inftantaneoufly. 


Mr. 
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Mn  Jones  fuppofes  that  the  heats  communicated 
to  a  given  quantity  of  mercury  by  an  immerfion  of 
the  ^me  iron  differently  heated,  will  be  to  each 
other  as  the  original  heats  in  the  iron  itfelf.     To  ob- 
tain a  datum,  he  firft  plunges  a  piece  of  iron,  with 
a  known  degree  of  heat,  into  a  given  quantity  of 
mercury,  and  obferves  the  degree  of  heat  commu- 
nicated.    Let  us  fuppofe,  fays  he,  the  quantity  of 
mercury  in  an  iron  velTel  to  be  2  pounds,   the 
heated  iron  a  cylinder  weighing  274  grains :  this 
cylinder  having  the  heat  of  boiling  water  212* 
plunged  into  the  mercury  with  a  temperature  of 
52%  will  communicate  to  it  10  degrees  of  heat, 
which  is  iV  of  that  excefs  it  had  acquired :  we  fay, 
then,  that  let  the  excefs  of  heat  in  iron  be  what  it 
^lU,  the  heat  communicated  to  the  mercury  will 
always  be  iV  of  that  excefs  ;  fo  that  if  we  put  /  for 
the  natural  temperature  of  the  mercury,  b  for  the 
communicated  heat,  and  x  for  the  heat  required,  it 
will  be  /  X  1 6  /&  =  A'.     This  method  was  fo  eafy, 
that  Mr.  Jones  preferred  it  to  the  former ;  with 
which,  however,  to  his  great  fatisfadion,  it  agreed 
as  far  as  it  extended.     In  determining  the  degrees 
this  way,  it  was  always  taken  for  granted  that  the 
heated  iron  parts  with  all  it*s  excefs  of  heat  to  the 
mercury,  and  that  the  diftribution  is  fo  nearly  in- 
ftmtaneous,  that  it  may  be  taken  for  fuch  without 
Wf  material  error.     Some  little  time  will  inevita- 
bly be  loft,  and  therefore  the  heats  obtained  by  this 
method  oi mercurial  immerfion,  efpecially  the  greater 
heat  near  the  extremity  of  the  fcale,  will  always  be 
r^her  under  than  over-rated. 


A  Scale 


^ 
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A  Scale  ojp  Hpa-jt. 

Fahrenheit's  Degiecft 
Jron  in  fulion  about  — —  3001^ 

Iron   with  the  white  fparkling  heat  of  a 

fmith*s  forge  '■  '         ^    ayftj 

Jron  with  a  heat  almoft  white  2089 

The  heat  of  live  coals  without  blowing, 

perhaps  about  — - — —  i6p 

Iron  with  a  glowing  red  by  day-light  16OQJ 

iron  j uft  red-hot  by  day-light         ^  1 1 2<^ 

Iron  juft  red-hot  in  the  dark '       ;:—  iood 

JGreateft  heat  of  lead  in  fufion       * tod 

Colours  of  iron  are  burned  off  '"  Sod. 

Mercury  boils,  by  fome  placed  at  600 ;  by  Jones  700' 

Polifhed  iron  takes  a  full  blue 70^ 

Polifhed  iron  takes  a  purple  — —  660 

Linfeed  oil  boils,  by  fome  at  600        — —        620 

Lead  melts    '  '       6x0 

Polifhed  iron  takes  a  ftraw  colour       - — «        605 

Oil  of  vitriol  boils   '  * .        546 

Brafs  takes  a  blue  colour  ■  500 

*rin  melts    **    "^  — • —  490 

Tin-foil  and  bifmuth  450 

Brafs  takes  a  copper  colour  —  41^ 

Polilhed  brafs  takes  a  gold  colour         —         340 
Spirit  of  nitre  boils      •    *  —  ■  24^ 

Water  boils  at  a  mean  ftate  of  the  atihofphere    an 

Frelh  human  urine  boils  '  ^    ao6 

Brandy  boils       '     >-  190 

Alcohol  boils  ^ 176 

One  pound  of  water  of  52^,  to  4^  a  pound  of 

frefh  chalk  linrie  '       1S2 

I  oz.  of  water  of  54^,  to  i  oz.  of  oil  of  vitriol  J70 
Serum  of  blood  and  white  of  eggs  harden  156 

Bees  wax  melts  "    —  145 

Greatcft  heat  of  a  bath  w  hich  the  hand  can 

well  bear  ■  114 

Heat 
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Fahrenheit's  Degrees. 

Heat  of  the  Serocco  wind  at  Palermo  in  Sicily  112 

Heat  of  an  hen  hatching  eggs,  from  92  to  108 
Heat  of  the  (kin  in  ducks,  geefe,  hens,  pid- 

ffeons,  103  to                 107 

Heat  01  the  human  (kin  in  an  ague  fever  106 
Heat  of  the  fkin  in  dogs,  cats,  fheep,  and 

other  quadrupeds,  100  to            —  103 

Heat  of  the  human  ftin  in  health            —  9S 

Heat  of  a  hive  of  bees                — —  97 
Heat  of  the  air  in  the  fhadc  in  very  hot  weather  80 

Butter  begins  to  meli                    —  74 

Temperate                  —                   —  55 

Oil  of  olives  begins  to  ftifFen                   ■  43 

Water  juft  freezing,  or  ice  juft  melting     —  32 

Milk  freezes                ■  30 

Urine  and  common  vinegar  freeze       — —  28 

Good  burgundy,  claret,  and  madeira  freeze  20 
One  part  of  fpirit  of  wine,  with  3  of  brandy, 

freezes            7 

A  mixture  of  fnow  and  fait               o 

Mercury  freezes               ■                   39 

With  refpedl  to  the  formation  of  this  table, 
fee  Jones's  Phyfiological  Difquifitions ;  where  you 
may  alfo  find  a  method  of  examining  the  fcale  by 
comparing  the  articles  one  with  another.  * 

In  the  foregoing  fcale  the  heat  of  boiling  wa* 
tcr  in  vacuo  is  placed  at  95**;  this  however  will 
depend  on  the  perfedion  of  the  vacuum  and  other 
circumftanccs.  In  the  Rev.  Mr.  Jones's  experi- 
ments, a  heater  was  placed  on  the  plate  of  the  air- 
pump,  and  on  this  a  .  light  tin  veflel  holding  the 
S  4  waiter 

•  Mr.  Wcdgcwood  places  fomc  of  thcTe  degrees  much  higher, 
but  I  mud  own  I  am  not  fatisBed  with  the  clav  thermoroeter, 
and  think  there  mu ft  be  further  and  more  hiisnSLory  evident 
^ucedy  before  any  one  can  agree  with  the  degrees  pf  bf  at  4^^ 
duced  from  it» 
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•water  and  a  thermometer.  The  ebullition  in  one 
experiment  began  to  appear  at  90  degrees^  and  as 
the  boiling  increafed,  the  thermometer  rofe  to  10; 
degrees,  where  it  flood  when  the  agitarion  vas 
moft  violent ;  the  air  was  admitted  during  this  agi- 
tation, and  the  thermometer  immediately  rofe  15 
degrees.  In  anotjier  experiment,  fome  water  heated 
to  130  degrees  was  placed  on  the  heater,  and  this 
being  covered  with  a  receiver,  the  air  was  cx- 
haufted,  on  which  the  water  boiled  vehemently,  but 
during  the  a<5l  of  boiling,  the  heatfubfidcd  to  ico, 
and  at  another  to  94  degrees,  but  on  admifllon  of 
the  air,  the  heat  prefently  rofe  to  130  degrees  and 
upwards. 

Thefe  experiments  prove,  what  has  been  al- 
ready obferved  to  you,  how  much  /be  adion  of  jire 
depends  on  the  reacJion  or  prejfton  of  the  incumbent 
air.  When  the  air  is  withdrawn,  the  fire  naturally 
afcendifig,  flows  through  the  liquor  in  the  veffel,  as 
air  would  through  a  tube  open  at  both  ends.  But 
if  the  farther  end  of  this  tube  were  clofcd,  and  the 
current  of  air  ftill  to  continue,  it  would  be  con- 
dcnfed  or  accumulated  within  the  cavity  of  the 
tube.  Hence  we  may  colled,  that  the  fun  would 
neat  the  earth  very  inconfiderably,  if  it  were  not 
for  the  incumbent  preflfure  on  it's  furface,  and  that 
therefore  it  is  impolfible  to  calculate  what  the 
heat  will  be  in  bodies  placed  at  different  diftances 
from  the  folar  fire,  linlefs  we  could  tell  how  far  air 
aded  upon  them  at  the  fame  time. 

The  higher  we  afccnd,  the  lefs  is  the  degree  of 
heat,  the  atmofphere  is  lefs  fufceptible  of  Heat  as 
it  is  more  rarificd ;  as  the  intenfity  of  fire  will  na- 
turally produce  the  grcatcfl:  heats,  the  lower  parts 
of  the  atmofphere  ought  to  be  hotter  than  the 
higher,  where  fire  is  lefs  prelfed,  and  has  more 
room  to  dilate  itfclf. 

It  will  be  neceffary,  before  we  proceed  any 
^   ^     •  fardicri 
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"farther,  to  make  fome  obfervations  onphyjicaltnea^ 
Jures.     Moft  of  our  philofophical  inftruments  arc 
meafures  of  efFedls.     The  progrefs  made  in  natu- 
ral  philofophy  increafes  every  day  by  the  number 
of  thefe  meafures ;   by  thefe  it   has  reached    it's 
prefent  ftate,  and  by  thefe  it  ftill  continues  to  be 
improved*    In  proportion  as  the  different  branches 
advance,  our  meters  arc  multiplied.  Inftead  of  bc^ 
ing  fatisfied  with  perceiving,  with  conjedluring, 
i^ith   forming  fyftems,  upon   what  is  improperly 
called  the  poffible,  but  which  is  in  reality  the  land 
of  vifions ;  we  now  endeavour  to  inveftigate  caufes 
through  their  eftcds,  by  meafuring  thefe  wherever 
nature  gives  us  fufficient  hold. 

The  firft  rays  of  this  light,  the  dawn  of  true 
knowledge  in  philofophy,  were  extremely  weak. 
Philofophers  contented  themfelves  with  having  in- 
ftruments which  indicated  the  exijience  of  certain, 
caufes  that  our  organs  could  either  not  difcover,  or 
difcovered  very  imperfedly.  Hence  the  modell 
names  given  to  inftruments  by  their  firft  inventors^ 
they  called  only  barofcopes,  thermofcopes,  micro- 
fcopes,  the  inftruments  which  were  intended  to 
fhew  the  weight  of  the  air,  the  dilatation  of  bo- 
dies by  heat,  the  objefts  which  efcaped  the  naked 
eye. 

Thefe  names  were  too  foon  changed,  and  that 
of  meafures  given  to  inftruments  that  were  not  en- 
titled to  the  name.  Philofophers  grow  every  day 
more  delicate  with  refpe<ft  to  the  requifite  quali- 
ties of  their  inftruments ;  the  progrefs  in  perfeAing 
thefe  meafures,  is  an  elFediual  ftep  towards  the 
knowledge  of  nature.  The  improvements  in  the' 
meafures,  not  only  lead  us  to  a  better  knowledge 
of  the  immediate  caufes  of  the  efFedls  thus  mea- 
furcd,  but  they  alTift  us  alfo  in  decompoling  com* 
plcx  effects. 

Indeed  the  greater  part  of  phyfical  inftruments 

are 
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are  intended  only  for  the  difcovcry  of  limultancous 
cfFeds,  by  the  knowledge  of  thofe  which  arc  moft 
evident.  If  we  wilh  for  an  hygrometer,  an  elec- 
trometer, a  photometer,  it  is  not  fo  much  with  a 
view  of  afccrtaining  by  their  means,  the  abfblute 
or  even  relative  quantities  of  moifture,  of  the  elec- 
tric fluid,  or  of  light,  as  to  conneil  the  perceptible 
cflTeds  of  moifture,  ele6tricity,  &c.  on  our  meafures, 
with  other  lefs  evident  efteds  intimately  connected 
with,  or  dependent  on  them. 

The  general  problem  of  phyfical  meafures  is 
complicated.  The  firft  objedl  of  thefe  meafures  is 
to  afcertain  the  exijience  and  agency  of  a  fimple 
caufe,  and  it's  degrees  of  intenfity ;  this  we  can 
only  arrive  at  by  it's  action  on  other  bodies,  but  in 
this  action  or  effedt  many  other  caufes  arc  included. 
tVe  cannot  obferve  fttnple  effects  /  and  confequently 
we  cannot  always  conclude  from  Jenfible  effeSs 
which  are  equal  amongft  themfelves,  that  the  de- 
grees are  equal  in  the  caufe  to  which  they  are  at- 
tributed. What  for  example  do  we  ufe  in  general 
as  meafures  of  heat  ?  The  dilatations  of  various  fub- 
ftances.  What  are  the  meafures  by  which  we  de- 
termine the  weight  of  air?  The  height  of  the  mer- 
cury in  the  barometer.  But  the  dilatation  of  bodies 
by  heat,  depends  upon  the  nature  of  the  fubftance, 
it's  denfity,  it's  cohefion,  the  laws  of  it's  pro^rcf- 
15  on  by  equal  augmentations  of  heat,  &C'.  Thcdf- 
feds  of  the  weight  of  the  air  upon  the  mer(|Sry  in 
the  barometer,  are  modified  by  the  differj^it  de- 
grees of  heat  in  this  fluid,  by  the  nature  of*the  va- 
cuum in  which  it  is  fufpended,  by  the  attraction, 
by  the  fridlion,  perhaps  by  the  permeability*  of  glafs, 
to  lome  particles  of  that  mixed  fluid,  to  which  we 
give   the  general  napie  of  air,  or  to  other  un-j 

knowjj 

♦  lij^r.  Dc  Lup,  Phil.  Tranf, 
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known  caufes  :  fo  difficult  and  complex  is  even  the 
firft  ftcp  of  the  ladder  by  which  we  endeavour  to 
raife  ourfclves  to  the  knowledge  of  caufes. 

Of  Fluidity,  &c.  as  explained  by  Latent  Heat* 

I  have  already  obferved  to  you,  that  all  the 
fubftances  in  nature  are  cither  falid,  fluid,  or  in  the 
form  of  expanfible  fluids:  that  thefe  different  forms 
depend  principally  on  the  (late  or  combination  of 
fire  in  them,  has,  I  think,  been  fufficiently  proved 
by  reafon  and  experiment ;  but  it  will  be  rendered 
ftill  clearer,  by  a  view  of  modern  difcoveries,  which 
I  fhall  now  lay  before  you. 

Fluidity  is  an  effedt  of  fire,  and  takes  place 
>vhen  the  heat  is  carried  to  a  certain  height;  and  as 
bodies  become  fluid  by  the  application  of  fire,  fo 
fluids  prefcrve  their  fluidity,  by  the  fire  they  con- 
tain. 

In  fluidity,  there  is  a  confiderable  quantity  of 
difperfivc,  or  expanfive  matter  introduced  into  the 
body,  while  thd  vojupie  is  not  thereby  increafcd* 
This  introduced  matter  afts  in  another  manner,  fo 
as  to  oppofe  the  agency  which  caiifes  folidity,  or 
refift  the  particular  attachment  of  the  parts. 

LiquifaSlion  is  a  loofening  the  parts  of  bodied 
by  a  certain  degree  of  heat,  which  parts  are  fixed 
and  folid  with  a  lefs  degree.  It  is  effecfled  by  in- 
troducing fire  between  the  particles,  which  fepa-^ 
rates  them  from  each  other,  and  by  it's  aftivity 
gives  them  a  free  motion  among  themfelves. 

Fire  is  refident  and  adtive  in  all  bodies,  and  at 
all  times ;  but  in  order  to  render  them  liquid,  it  muft 
aft  with  greater  or  lefs  force,  according  to  the  na- 
ture of  the  fubftance.  We  fay  of  bodies  naturally 
hard,  when  they*become  fluid,  that  they  are  melted ; 
and  of  bodies  naturally  fluid,  when  they  become  fo- 
lid, that  they  are  congealed,  or  frozen ;  the  efl^eds 
*  2  ;  are 


Digitized  byCjOOQlC 


-1 — 1 


268     Lectures  on  Natural  pHitosopHr. 

are  fimilar  in  each  cafe,  and  you  will  bejuftifted  by 
philofophy  in  coniidering  all  water  as  melted  ice, 
and  a  pig  of  lead  as  a  mafs  of  congealed  metal.  The 
fluidity  of  water  is  as  real  a  fufion,  as  that  of  any 
metals  expofed  to  the  fire,  differing  only  in  this, 
that  a  greater  quantity  is  neceffary  for  one  than  the 
other.    • 

,  Ltquifa6lion  is  a  phenomenon,  however,  en- 
tirely diftindl  from  the  expanjion  or  dilatation  of  a 
fluid  already  formed.  This  laftcircumftance  only 
occaiions  a  greater  or  lefs  degree  of  tendency  in 
the  particles  towards  each  Other,  and  varies  with 
every  variation  in  the  degrees  of  heat.  Liquifac^ 
iion  is  occafioncd  by  a  certain  fixed  degree.  Li- 
quifadion  is  a  real  change  of  ftate  in  the  fubftance, 
the  degrees  of  expanfion  arc  only  modifications  of 
the  fame  ftate.  In  expanfion,  there  is  a  regular  in- 
creafe  or  decreafe  of  bulk  according  to  the  degrees 
of  heat  ;  whereas,  in  fluidity,  the  tranfition  from  a 
folid  to  a  fluid,  or  vice  verja^  is  fudden;  and  above 
or  below  a  certain  degree  of  heat,  a  body  always  re- 
mains folid  or  fluid. 

As  nature  is  now  conftituted,  natural  bodies, 
and  theirminuteftparts,  may  be  confidered  as  floating 
in  an  ocean  of  what  the  poet  calls  indefatigable  fire; 
an  element  which  is  moved  with  the  fame  vigour 
now  as  5000  years  ago ;  and  the  bodies  fuftaincd 
therein  are  hard  ox  foft,  folid  ox  fluid,  lax  or  firm^ 
rare  or  denfe,  expanded  or  contrailed,  according  to 
the  changes  in  the  temperature  of  this  clement, 
which  keeps  up  a  conftant  fyftole  and  diaflole, 
through  the  whole  frame  of  nature.  If  this  motion 
of  fire  were  toccafe,  univerfal  rigidity  and  ftagna- 
tion  would  enfue ;  all  the  qualities  of  the  ancient 
fchools,  all  the  attralfions  and  r^pulfions  of  later 
philofophers,  would  be  buried  in  one  common 
grave,  and  fixed  with  an  impenatrablc  feal. 

4  Of 
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Of  Latent  Heat. 

It  is  impoflible  thoroughly  to  underhand  the 
Inctamoiphofis  of  folids  into  liquids,  and  of  liquids 
into  aeriform  fluids,  without  a  knowledge  of  the 
docflrine  of  latent  beat.  Here  you  will  learn  that  the 
fame  fubftance,  according  as  it  happens  to  be  in 
any  of  thefe  flates,  not  only  pofleffes  a  different 
fpecific  heat,  but  modifies  even  in  the  ad:  of  paf- 
iing  from  one  to  the  other,  the  matter  of  fire  in  a 
very  particular  manner. 

To  Dr.  Black,  the  father  of  modem  chemi- 
llry,  we  are  indebted  for  this  difcovery,  which  I 
(hall  firft  explain  in  a  fimple  form,  and  then  further 
illuftrate  it  by  the  reafoningand  experiments  which 
are  attributed  to  Dr.  Black. 

Let  us  fuppofe  a  piece  of  ice  cooled  until  a 
thermometer  placed  therein  Hands  at  20^  below 
the  freezing  point,  expofe  this  ice  to  a  conftant 
emanation  of  fire,  arriving  by  very  equal  degrees, 
the  thernwmeter  will  rile  very  uniformly  till  it 
comes  to  the  freezing  point,  and  will  there  ftop,  al- 
though the  igneous  emanation  continues  the  fame, 
and  ought  apparently  to  continue  raifing  the  tem- 
perature. 

This  current  of  fire,  which  arrives  unccaf- 
ingly  and  by  degrees  at  the  ice,  has  no  longer  any 
fenfible  effedl  on  the  thermometer,  for  as  foon  as 
the  thermometer  is  thereby  raifed  to  the  freezing 
point,  the  etFed:  of  the  fire  is  limited,  and  it  only 
exerts  itfelf  in  making  the  ice  change  it'sjlates,  by 
converting  it  into  water  ;  and  during  the  whole  of 
this  transformation  the  thermometer  remains  fta- 
lionary  at  32  degrees,  the  freezing  point. 

The  fire  in  this  cafe  lofes,  as  it  were,  it's  fa- 
culty of  heating;  yet  the  quantity  employed,  and 
ai^rently  loft  in  this  transformation,  is  fo  confider-? 
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able,  that  if  the  thermometer  under  the  fame  cif- 
cumftances,  were  placed  in  a  fimilar  quantity  of 
water  inftead  of  ice,  it  would  have  rifeh  Hear  120 
degrees. 

As  foon  as  the  fufion  is  completed,  if  the 
fame  igneous  emanation  continues,  the  thermo- 
meter now  aftually  in  water,  will  be  influenced  by 
the  fire  as  it  arrives,  and  will  rife  fucceffively  ; 
though  fomewhat  flower  than  before,  becaufe  the 
fpecific  heat  of  water  is  a  little  greater  than  that 
of  ice. 

The  thermometer  continues  to  rife  till  it  ar- 
rives at  the  boiling  point,  and  here  again  the  fame 
phenomena  occur.  Notwithfl:anding  the  conti- 
nuation of  the  igneous  emanation,  the  thermome- 
ter remains  at  212  degrees,  and  the  water  now  changes 
irs  ftate.  It  is  transformed  into  an  elaftic  fluid, 
and  the  portion  of  fire,  which,  by  it's  momentary 
union  with  the  water,  eflfedled  it's  change,  lofes  it's 
tbermometric  quality  ;  and  an  exadt  equilibrium  is 
cft:abliflied  between  the  afflux  of  additional  fire,  and 
it's  efflux,  by  the  conversion  of  water  into  an  elaf- 
tic vapour. 

The  fire  thus  modified  has  been  called  latent. 
It  is  truly  hidden  or  latent,  but  manifefts  itfelf 
again,  and  it's  adion  is  rendered  evident,  if  you 
revcrfe  the  changes ;  that  is,  if  you  convert  the 
elafliic  fluid  into  a  liquid,  and  the  liquid  into  a 
folid. 

Dr.  Black  was  the  firft  who  ftiewed  that 
fluidity,  though  depending  upon  fire,  did  not  de- 
pend upon  t4ie  quantity  indicated  by  the  thermo- 
meter, but  upon  the  abjorption  and  combination  of 
fii*e  with  the  fubftancc  rendered  fluid ;  and  the 
quantity  thus  abforbed,  he  denominated  latent  heat, 
as  being  imperceptible  to  us,  but  ready  to  im^ 
merge  on  proper  occafions  and  aflume  a  fenfible 
form,     ^"j  fenfible  heat,  he  me^ns  the  fire  which  is 

fo 


Digitized  byVjOOQlC 


Nature  and  Properties  of  Fire*      271 

fo  far  in  a  fluftuating  ftatc,  that  if  you  apply  any 
fubllance  which  contains  an  exceft  of  it,  to  a  cooler 
one,  it  quits  the  hotter,  and  flies  to  the  cooler  fub- 
ftance,  fo  as  to  reftore  an  Equilibrium.  You  know 
very  well,  that  as  long  as  a  body  continues  folid,  if 
the  heat  thereof  be  increafed,  it  is  always  per- 
ceptible by  the  thcrmometen  But  if  you  fuppofc 
a  body  heated  as  much  as  it  can  bear,  and  ftiU  con-, 
tinue  folid,  then  every  degree  of  fire  thrown  in  af- 
terwards is  abforbed  and  becomes  latent,  or  is  put 
into  fuch  a  ftate  as  cannot  be  difcovered  by  the 
thermometer,  but  goes  to  make  the  body  fluid,  and 
as  foon  as  a  fufEcient  quantity  is  abforbed  to  moke 
every  part  fluid  it  will  admit  of,  and  manifeft  4 
fcnfible  increafe  of  heat.  It  was  alfo  obferved  by 
Dr.  Black,  that  bodies  are  not  difpofed  to  abforb 
this  latent  heat,  until  they  arrive  at  their  melting 
point,  nor  fluids  to  part  with  it  until  cooled  to  a 
certain  degree.  If  after  this,  they  are  placed  ftiU 
nearer  cooler  bodies,  this  latent  fire  continues  im- 
merging,  and  the  body  becomes  dill  more  folid ; 
when  thp  whole  is  entirely  extradled,  the  body 
freezes.  Hence  when  the  latent  fire  is  extraded, 
the  body  is  of  the  fame  temperature  with  the  fur- 
rounding  medium. 

This  luminous  dodrine  Dr.  Black  fupportcd 
by  a  reference  to  phenomena,  and  by  well  defigned 
experiments.  It  is  confirmed  by  confidering  the 
flownefs  with  which  ice  and  fnow  melts,  when  a 
thaw  comes  on,  and  when  the  heat  is  fai-  above  the 
degree  of  froft: ;  for  the  ice  is  conftantly  furrounded 
with  air  warmer  than  itfelf,  and  receiving  heat 
from  it,  yet  it  will  be  weeks  in  diflblving.  If  no- 
thing more  was  neceflary  to  produce  fluidity  than 
the  fire  indicated  by  the  thermometer,  we  might 
reafonably  expert  that  after  it  begins  to  melt,  one 
CM-  two  days  would  be  fufficient  to  melt  the  whole. 
But,  as  it  isfo  long  diljTolving;  and  it's  heat  is  i^ot 
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increafed  above  the  freezing  point,  nor  the  water 
that  runs  from  it  above  32  or  33  degrees,  it  is 
plain,  that  the  heat  or  fire  to  which  it  is  expofed 
muftbe  abforbed  and  become  latent,  li  is  to  this 
•caufe  you  mull  attribute  the  prefervation  of  ice  in 
ice-houfes,  and  that  large  mafles  of  ice  and  fnow 
remain  at  the  tops  of  mountains,  where  heat  is  con- 
fiderably  above  the  freezing  point. 

Dr.  Black's  experiments  will,  I  think,  con- 
vince you,  that  the  fluidity  of  water  muft  be  attri- 
buted to  an  abforption  of  fire.  To  prove  this,  he 
-endeavoured  to  determine  the  heat  abforbed  by  ue 
during  it's  IiquifaSion:this  he  obtained  by  obferv*- 
ing  the  quantity  of  heat  which  was  communicated 
by  a  mafs  of  ice  during  it's  fufion  by  the  tempera- 
ture of  the  air  alone;  and  then  inverfely,  by  difco- 
vering  the  quantity  of  heat,  a  mafs  of  ice  took  from 
a  quantity  of  water,  by  mixing  known  quantities  of 
ice  of  a  given  temperature,  and  water  of  z,gi\cn 
heat  together.  Thus  he  took  two  Florence  flalks  of 
equal  Ihape,  fize,  and  weight,  cutting  off  their  necks 
and  part  of  their  bulbs,  that  he  might  be  able  to 
introduce  a  thermometer.  In  one  he  put  5  oz.  of 
ice,  in  the  other  the  fame  quantity  of  melted  fnow, 
nearly  of  the  fame  temperature  with  the  ice.  Thofc 
flafks  were  fufpended  by  wires  in  the  middle  of  a 
large  room,  to  which  nobody  had  accefs  but  him- 
felf^  and  whofe  temperature  was  47  degrees  by  a 
very  fenfible  thermometc*-,  which  afTumcd  the  tempe- 
rature in  half  a  minute ;  he  found  that  in  half  an  hour 
the  mercury  in  the  latter  had  rifen  6  or  7  degrees, 
only  a  fmall  quantity  of  ice  was  melted,  and  though 
it  had  received  near  7  degrees  of  heat,  yet  it  conti- 
nued at  the  freezing  point.  The  flaflcs  were  left 
all  night  ;  oti  returning  in  the  morning,  at  about 
10  hours  and  a  half  from  the  commencement  of 
the  experiment,  he  found  a  piece  of  ice  undilTolved 
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Ui  big  as  a  nut  in  the  middle  of  the  furrounding 
water,  which,  by  the  thermometerj  was  8  degrees 
above  the  freezing  point. 

From  this  we  may  calcukte  tlie  degree  of  heat 
the  ice  muft  have  received  before  it  melted^  (re-^ 
membering  that  the  air  was  at  47  degrees,)  obferv- 
ing  that  the  ice  muft  have  been  receiving  heat 
gradually. 

At  the  end  of  10  hours  and  an  half  the  ttidMred 
ice  was  juft  at  the  temperature  at  which  the  melted 
fnow  was  at  the  end  of  half  an  hour  3  the  itielted 
ice  muft  therefore  have  received  7  degrees  every 
half  hour,  fo  that  in  10  hours  and  an  half  it  mufl: 
have  received  juft  147  degrees^  That  the  flalk 
was  continually  receiving  tire  from  the  air,  was 
confirmed  by  a  cold  ftrcam  being  perceived  from 
the  bottom  of  the  flafk ;  this  was  the  air  which  had 
been  applied  to  the  flafk,  and  had  imparted  it'a 
fire  to  it,  and,  being  cooler  and  denfer,  prepon-* 
derated.  This  Ihews  that  the  ice  was  continually 
receiving  fire,  tj^ough  not  fenfible  or  manifefted 
by  the  thermometer,  and  muft  therefore  be  com-< 
bincd  therewith  and  become  latent  fire. 

The  dodtor  having  before  found  that  a 
mixture  of  hot  and  cold  water  produced  ail 
arithmetical  mean  between  them,  he  took  a 
determinate  quantity  of  ice,  and  put  it  into  a  Flo- 
rence flafk,  and  threw  exadlly  the  fame  quantity  of 
boiling  water  upon  it,  which  melted  the  ice  in-* 
ftantly,  and  all  at  once,  proving  thereby,  that 
there  is  no  difficulty  of  feparating  the  particles  •of 
ice,  if  a  fufficient  quantity  of  heat  be  applied* 
But,  upon  examining  the  temperature  of  the  mix- 
ture, it  was  found  much  lower  than  if  cold  water 
about  the  freezing  point  had  been  ufed  inftead  of 
icc;  and  that  it  Toft  the  fame  quantity  of  heat> 
H7  degrees,  which  the  icc  in  tne  former  expe- 
riment required  to  render  it  fluid ;  for  in  this  it  fell 
You  I.  T  68  dc. 
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68  degrees  below  the  mean  ;  the  ice  abforbing  fo 
much  fire  from  the  boiling  water,  that  the  mix- 
ture did  not  point  to  the  mean  as  it  would  have 
done  if  cold  water  had  been  ufed  inftead  of  ice, 
but  to  that  point  which  (hewed  that  the  ice,  in 
order  to  become  fluid,  muft  be  combined  with  fo 
much  fire  as  would>  if  liberated,  raife  the  ther- 
mometer 147  degrees.  Thefe  two  experiments 
differ  only  in  this,  that  one  was  made  with  warm 
air,  the  other  with  warm  water.  Again ;  if  a 
pound  of  water  at  32  degrees  be  mixed  with  an 
equal  quantity  of  that  fluid  at  172  degrees,  the  tem- 
perature of  the  mixture  will  be  102  degrees,  the 
arithmetical  mean  between  the  warm  water  and 
the  cold.  But  if  a  pound  of  ice  at  32  degrees  be 
mixed  with  a  pound  of  water  at  172  degrees,  the 
temperature  of  the  mixture  will  be  32  degrees. 

It  appears  clearly  from  this  experiment,  that 
ice  and  water  both  being  at  32  degrees,  are  very 
diflferently  affeded  by  fire  ;  for,  in  the  firfl:  of  the 
two  foregoing  experiments,  a  quantity  of  fire 
which  raifed  the  thermometer  70  degrees,  paflcd 
from  the  warm  into  the  cold  water,  and  the  tem- 
perature of  this  was  increafed  70  degrees.  In  the 
laft  experiment,  a  quantity  which  raifed  the  ther- 
mometer 1 40  degrees  palled  from  the  warm  water 
into  the  ice,  in  confequcnce  of  which  the  ice  was 
melted,  but  it's  fcnfiblc  heat  was  not  increafed,  the 
ternperature  of  the  mixture  being  32 :  fo  that  in 
the  proccfs  of  liquifadion,  or  melting  the  ice,  14O 
degrees  of  the  heat  are  abforbedy  not  producing  any 
cfFed  upon  the  thermometer.  Thefe  experiments, 
and  the  dcdutflions  from  them,  are  further  con- 
firmed by  flicwing  that  a  quantity  of  heat  emerges 
from  water  when  it  pafles  from  a  fluid  to  a  fohd 
ftate,  -^vhich  can  only  arife  from  the  latent  fire. 

If  you  cxpofe  water  to  freeze,  putting  a  thcr- 
^lomcter  •  into  it^    the   water  being   20    degrees 

warmer 


Digitized  byCjOOQlC 


J 


Nature  and  PROFEfttiE*  of  FiRi.       ^75 

warmer  than  the  air,  it  will  lofe  a  great  many  de- 
grees during  the  firft  five  minutes,  iefs  the  next, 
and  fo  on ;  in  half  an  hour,  if  the  air  be  below  the 
freezing  point,  it  will  have  attained  the  tempe- 
rature of  the  air,  and  you  would  fuppofe  that  in 
2  or  3  minutes  all  of  it  would  freeze,  which  would 
be  the  cafe  if  it  depended  on  a  diminution  of  ther- 
mometrit  fire ;  but  it  is  not  the  cafe,  for  you  will 
find  at  firft  a  fmall  part  of  it  freezing,  and  gradually 
increafing  in  the  congelation :  during  this  time  the 
water  will  continue  at  32  degrees,  which  is  per- 
haps one  or  two  degrees  above  the  temperature  of  , 
the  air  to  which  it  may  be  expofed.  Now  as  a 
colder  body,  if  it  be  applied  to  a  warmer  one,  will 
foon  become  of  the  fame  temperature  with  the  air 
to  which  it  is  expofed ;  we  can  only  attribute  the 
water  not  becoming  of  the  fame  temperature  with 
the  air  to  which  it  is  expofed,  to  the  latent  fire 
emerging  and  manifcfting  itfelf  as  foon  as  any 
particle  of  the  water  freezes ;  and  as  foon  as  this  is 
all  exhaufted,  the  mafs  becomes  folid,  and  of  the 
fame  temperature  with  the  air. 

If  water  be  at  reft,  it  may  be  cooled  7,  8,  9, 
or  10  degrees  belgw  the  freezing  point  without 
being  congealed  ;  but  if  touched  with  a  bit  of  ice, 
the  end  of  a  wire,  or  if  the  veffel  be  agitated,  the 
congelation  pervades  it  like  a  flafti  of  lightning. 
Mr.  Mairan  expofed  fmall  drinking  glaffes  full  of 
water,  thefe  were  cooled  below  the  freezing  point, 
and  yet  would;  if  left  undifturbed,  remain  fo,  but 
upon  being  agitated  froze  immediately.  If  a  ther- 
mometer were  put  into  the  water  during  the 
freezing,  the  moment  it  was  frozen,  it  ro/e  up  to 
the  congealing  point,  a  quantity  of  latent  fire 
emerging  from  the  water.  Here  you  fee  a  quantity 
^  latent  fire  emerging  fuddeniy,  and  the  experi- 
ment (hews  that  this  does  not  altogether  depend  on 
the  diminution  of  fenfible  heat,  lince  we  find  the 
T  2  water 
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%vater  retains  it's   fluidity,  though  cooled  7  or  J 
degrees  below  the  freezing  point. 

The  fire  abforbed  by  the  water  when  it  ac- 
quires fluidity,  is  again  feparated  by  congelation. 
If  a  pound  of  water  at  32  degrees  be  mixed  with 
an  equal  quantity  of  ice  at  2  degrees,  nearly  one 
fifth  of  the  water  will  be  frozen,  and  the  tempe- 
rature of  the  mixture  will  be  32:  it  is  therefore 
plain  that  by  the  congelation  of  nearly  one  fifth  of 
a  pound  of  water,  a  Jufficient  quantity  of  fire  was 
extricated  to  raije  a  pouHd  of  ice  30  degrees  /  and  by 
calculation,  you  will  find  that  the  heat  which  is 
extricated  by  the  congelation  of  water,  is  precifely 
equal  to  that  which  is  abforbed  by  the  melting  ice. 

The  heat  extricated  in  the  freezing  of  water, 
fhews  why  that  fluid,  when  it  is  expofed  to  a  de- 
gree of  cold  lower  than  32  degrees,  and  is  at  the 
^me  time  gently  agitated  by  the  wind,  ceafcs  to 
cool  as  foon  as  it  arrives  at  the  freezing  point,  the 
temperature  thereof  continuing  ftationary  until  the 
whole  is  congealed ;  it  being  well  known  that  32 
degrees  is  the  point  at  which  water  in  a  gentle  ftate 
of  agitation  becomes  folid.  When  therefore  it  is 
reduced  to  that  point,  it  begins  to  freeze,  and 
part  with  it's  fire ;  and  as  the  extrication  of  fire  in 
this  inftance  depends  upon  the  congelation,  it  is 
clear  that  the  quantity  of  fire  extricated  will  be  in 
proportion  to  the  quantity  of  water  congealed. 

In  other  words,  if  when  melted  it  is  al- 
lowed to  cool  flowly  with  a  thermometer  immerfcd 
in  it,  you  will  find  that  as  long  as  it  continues 
fluid,  the  fenfible  heat  diminilhes  very  faft^  but  as 
foon  as  it  begins  to  grow  folid,  the  fenfible  heal 
continues  greater  than  that  of  the  air  to  which  it 
is  expofed ;  and  during  all  this  time  it  is  com- 
municating heat  to  the  air^  without  having  it's 
fenfible  heat  diminifhcd :  the  latent  fire  within  the 
fluid  gradually  manifcfts  iifelf^   and  by  keeping 
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up  the  temperature,  proves  a  fource  of  fenfiWe  heat 
which  is  communicated  to  the  neighbouring  bodies 
andfurrounding  air. 

Dr.  Irvine  has  ftiewn,  that  when  fpermaceti 
and  wax  are  melted  they  contain  this  latent  fire; 
for  by  heating  them  much  above  their  point  of 
fluidity,  he  found  they  loft  their  heat  very  foon,  till 
fome  parts  became  folid;  after  this  they  continued 
of  exadily  the  fame  temperature  till  the  whole  be- 
came folid,  though  expofed  all  the  while  to  cold 
air;  but  when  all  became  folid,  they  cooled  as  they 
did  at  firft.     Spermaceti  abforbed  from  141  to  148 
degrees  to  become  fluid;  wax  175.     He  put  a  cer- 
tain quantity  of  melted  tin  into  water,  and  an 
equal  quantity  of  tin  heated  to  the  fame  degree,  but 
not  fluid,   into  a  like  quantity  of  water,  and  the 
water  was  heated  moft  by  the  melted  tin,  the  la* 
tent  fire  emerging  therefrom. 

If  the  nitrous  acid  be  mixed  with  ice  or  fnow, 
there  will  be  a  fudden  liquifadlion.  Mixtures  in 
general  promote  liquifadlion,  and  in  this  inftancc 
a  moft  intenje  cold  is  produced,  which  is  eafily  ex- 
plained on  the  foregoing  principles :  if  you  liquify 
ice,  you  muft  throw  in  a  prodigious  quantity  of  fire, 
which  immediately  becomes  latent  in  the  liquid, 
and  is  not  difcoverable  by  a  thermometer.  By 
producing  z.  fudden  liquifadlion  of  ice,  the  cold  is 
fo  great,  that  all  the  neighbouring  bodies  muft 
communicate  of  their  fire  to  fupply  that  which  is 
to  become  latent  by  the  liquifadion,  and  thus  ge- 
nerate the  cold  we  perceive. 

The  principle  of  latent  fire  explains  alfothc 
curious  phenomena  of  artificial  cold,  produced  in 
the  mixture  of  fnow,  water,  and  fait,  as  every 
body  which  paflcs  from  the  folid  to  the  liquid  ftate 
abforbs  a  quantity  of  fire  which  does  not  afFeA  the 
^thermometer;  hence  cold  is  produced  in  the  dif^ 
foJution  of  all  the  chryftalized  f^ts.  The  fire  being 
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combined  with  the.  particles  to  keep  the  mixture 
fluid>  and  being  only  exerted  thereon,  the  mixture 
becomes  fenlibly  colder. 

Upon  thefe  principles  you  may  account  for  the 
large  quantities  of  ice  which  remain  on  the  furfacc 
of  the  earth  fomc  days  after  a  thaw  has  commenccdj 
for  though  >ach  piece  of  ice  is  afFedcd  by  the 
warmth  of  the  atmofphere,  and  the  influence  of 
the  fun,  it  cannot  be  immediately  melted  thereby, 
the  ice  abforbing  gradually  all  the  fire  commu- 
nicated to  it,  till  it  has  received  fufficient  to 
maintain  itfelf  in  the  form  of  water.  In  the  fame 
mafnner  you  fee  why  the  ice  in  ice-houfes  is  not 
melted,  which  it  would  be,  if  all  the  fire  which  it 
received  aded  upon  it  to  raife  the  temperature; 
which  it  does  not  do,  being  abforbed,  to  contri- 
bute to  it's  exiftence  as  water,  and  lofing  there- 
fore it's  dilFufive  adlion. 

Dr.  Crawford  fhews  us,  that  by  the  laws  of 
abforption  and  extrication  of  fire.  Divine  Providence 
has  wifely  guarded  againft  very  fudden  viciffitudcs 
iOf  heat  and  cold  upon  the  furface  of  the  earth. 

For  if  fire  were  not  extricated  by  the  procefs 
of  congelation,  all  the"  waters  which  were  expofed 
to  the  influence  of  the  external  air,  when  it's  tem- 
perature was  reduced  below  32  degrees,  would 
fpeedily  become  folid;  and  at  the  moment  of  con- 
gelation, the  progrefs  of  cooling  woubd  be  as  rapid 
as  if  was  before  the  air  arrived  at  that  point. 

But  as  foon  as  the  atmofphere  is  cooled  below 
32  degrees,  water  begins  to  freeze,  and  at  the  fame 
time  to  give  out  the  fire  combined  with  it;  and 
confequently  whatever  may  be  the  degu^  of  cold 
in  the  external  air,  the  freezing  mafs  remains  at 
32  degrees,  until  the  whole  is  extricated  and  con- 
gealed ;  and  as  the  quantity  of  fire  that  is  liberated 
in  the  freezing  of  water  is  confiderablc,  the  progrefs 
pf  congelation  in  large  maflcs  is  very  flow. 

Hence 
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Hence  in  the  northern  and  fouthern  regions^ 

upon  the  approach  of  winter^  a  quantity  of  fire  is 

extricated  from   the   waters  proportional  to  the 

degree  of  cold  that  prevails  in  the  atmofphere ; 

thus  the  f evert ty  of  the  froft  is  mitigatedy  and  it's 

pr^grefs  utarded.     And  it  is  highly  probable^  that 

during  the  retardation  of  the  cooling  procefs,  the 

various  tribes  of  animals  and  vegetables,  which 

inhabit  the    circum-polar    regions,    acquire  the 

poorer  of  refilling  it's  influence. 

On  the  other  hand,  if  on  the  melting  of  ice  a 

qujtntity  of  fire  was  not  abforbed  and  rendered  left 

active,  that  fubftance,  when  cxpofed  to  a  medium 

warmer  than  32  degrees,  would  fpcedily  become 

fiuid,  and  the  progrcS  of  heating  would  be  as  rapid 

'    as  if  no  alteration  in  the  form  had  taken  place.    If 

things  were  thus  conftituted,  the  vaft'mafles  of  ice 

and  fnow,  which  are  colledled  in  the  frigid  tones, 

would>  upon  the  approach  of  funmier,  fuddenly 

diflblve,  and  the  regions  near  the  poles  would  be 

anaually  overflowed  by  violent  inundations. 

But  by  the  operation  of  this  law  of  the  ab- 
forptioH  of  fire,  when  the  ice  and  fnow  upon  the 
return  of  fpring  have  arrived  at  32  degrees,  they 
begin  to  melt,  aod  at  the  fame  tin^  to  imbibe 
fire,  which  by  being  combined  with  the  wato- 
docs  not  a^  externally ;  fo  that  the  earth  is  flowly 
Keated,  and  thofe  gradual  changes  are  produced 
which  arc  eiJcntial  to  tJie  prafcrvation  of  the  ani^ 
mal  and  vegetable  kingdoms. 

The  mind  of  man  admits  with  rehKamnce  the 
truth  of  every  tcftirtony  concerning  matters  of 
fiwa>  which  happen  to  be  rejftignant  to.  the  uniform 
experience  of  his  fenfes ;  hence  the  general  back- 
wardnefs  to  believe  the  miracles  in  the  Bible :  and 
hence  the  Dutchman,  who  informed  the  king  of 
Siam  that  water  in  his  country  would  fometimes  in 
coid  weather  be  fo  bardi  that  men  walked  upon  it, 

T4  and 
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and  that  it  would  bear  an  elephant,  was  eftccmcd 
a  perfon  unworthy  of  credit.  Hitherto,  fays  the 
king^  I  have  believed  the  ftrange  things  you  told 
xne,  becaufe  I  looked  upon  you  as  a  fober  man,  but 
now  I  am  fare  you  lie. 

Mahine^  the  native  of  Borahora^  could  fcarcc- 
ly  be  perfuaded  even  by  the  information  of  his 
fenfes,  of  the  reality  of  the  fame  efFeA.  The  ap- 
pearances of  white  Jiones^  as  he  called  hail,  which 
melted  in  his  hand,  was  altogether  miraculous  to 
him;  and  when  he  had  been,  with  difficulty,  con- 
vinced that  an  extenfive  field  of  ice  was  not  com* 
mon  land,  he  was  determined,  at  all  events,  to  call 
it  white  land  to  diftinguilh  it  from  the  reft.* 

This  decermination  of  the  favage  was  made  in 
(he  true  fpirit  of  philofophy,  for  ice  in  fmall  par- 
ticles is  a  fpccies  of  earth,  and  in  folid  maffes  it 
may  be  confidered  as  a  fpecies  of  tranfparent  ftone. 
The  waters j^  fays  Job,  fpeaking  of  the  effeft  of 
froft,  are  bid  as  with  a  flone ;  that  is,  water,  when 
it  becomes  ice,  conceals  \%H  nature  by  aflliming  a 
^one-like  hardnefs  and  confiftence.  The  Ruffians 
applied  ice  to  the  fame  purpofes  with  ftone,  at  the 
jtiarriage  of  Prince  Gallitzin,  in  1730  :  an  houfe, 
confifting  of  two  apartments,  was  built  with  laige 
blocksof  ice;  the  furniture  of  the  apartments,  even 
to  the  nuptial  bed,  was  made  of  ice*;  and  the  icy 
cannon  and  mortars,  which  were  fired  in  honour  of 
jhe  day,  performed  their  office  more  than  once 
Vri?hout  burfting. 

Having  already  told  you  that  I  confider  reli- 
gion as  the  Jirmeji  and  onlyfupport  of  the  bappinefs 
of  man,  you  cannot  be  furprized  that  I  take  every 
opportunity  to  fix  your  attention  upon  objeds  that 
lead  you  to  it's  Author,  and  confequently  thecon- 
(ideration  of  final  caufcs  is  continually  interwoven 
\vif  h  thefe  jLedlures. 

Tl» 
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The  arguments  for  the  being  and  providence 
of  the  Deity,  deduced  from  the  clear  marks  and 
lignatures  of  wifdom,  power,  and  goodnefs  in  the 
conftitution  and  government  of  the  world,  will 
gather  ftrength  as  your  knowledge  advances. 
When  you  attend  to  the  marks  of  good  contrivance, 
which  appear  in  the  works  of  God,  every  difcovery 
you  make  in  the  conftitution  of  the  material  and 
intelledtual  fyftem  becomes  a  hymn  of  praife  to  the 
great  Creator  and  Governor  of  the  world. 

Though  no  man  ever  called  in  queftion  the 
principle  of  final  caufes,  when  applied  to  the  ac- 
tions and  difcourfes  of  men  t  for  this  would  have 
been  to  deny  that  we  have  any  means  of  difcerning 
a  wife  man  from  an  idiot,  or  a  man  that  is  illiterate 
in  the  higheft  degree,  from  a  man  of  knowledge 
or  learning;  yet  m  all  ages  there  have  been  thofc 
who,  being  unfriendly  to  religion,  have  denied  the 
force  of  the  proof:  but  you  may  depend  upon  it, 
that  none  will  reafon  fo  abfurdly,  but  the  philofo^ 
pbers  of  vanity,  in  whom  the  off  elation  of  wifdom 
joins  the  extremity  of  folly. 

Fix  upon  two  or  three  fubje<5ls  which  are  clear 
beyond  difpute,  as  that  the  eye  does  not  fee  by  ac^^ 
cident,  but  was  contrived  for  feeing,  &c.  and  you 
anfwer  all  the  atheifts  that  ever  were  or  will  be ;  for 
you  prove,  by  a  fingle  ftep  of  reafoning,  that  there 
is  a  Divine  Mind  or  Wisdom  that  hath  wrought 
with  a  view  to  certain  ends,  which  it  hath  attained 
in  the  moft  perfeft  manner. 

Leaving  thefe  men,  let  me  introduce  you  to  a 
philofopher  ef  a  neighbouring  nation,  *  who  to 
foundnefs  of  judgment,  joins  ftrength  of  genius. 
Let  us  hear  him  fpeak  on  this  interefting  fubjed. 
I  love,  fays  he,  to  enumerate  in  my  mind  the  im- 
preflions  that  I  every  where  find  of  a  beneficent 

hand ; 

*  NT.  Dc  Luc's  Lcltrci  Phyfiqucs  ct  Morales  fur  THifloirc  do 
UTcrrc,  p,  109. 
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hand ;  I  am  ignorant  how  it  formed  the  world,  but 
I  do  not  make  my  happincfs  confift,  in  fatisfying 
curiofity  about  an  object  evidently  furpafling  the 
reach  of  human  ability.  I  love  to  feel,  that!  am 
not  left  to  be  the  fport  of  blind  caufes,  without  re- 
fource  againft  the  fear  of  evil,  without  any  cer- 
tainty of  the  duration  of  goodl 

The  immediate  and  durable  confequcnce  of 
each  moment  of  attention  on  the  phenomena  of  na- 
ture, is  infinitely  more  delightful  to  my  mind, 
than  that  which  I  receive  by  the  folution  of  a  phy- 
lical  problem.  It  is  a  pleafure  that  penetrates  to 
the  intimate  effence  of  the  foul ;  it  is  a  kind  of  de- 
licate love,  or  rather  it  is  the  fupreme  degree  there- 
of, being  excited  by  the  contemplation  of  that 
Being  who  is  GOODNESS  and  beauty,  andwhichtak- 
ing  poffeffion  of  the  heart,  fills  it  with  gratitude, 
admiration,  and  hope. — Let  us  accompany  thisphi- 
lofopher  in  his  meditations,  on  a  fubjecft  which  has 
already  made  part  of  this  Lec9iirc.  I  had  made, 
fays  he,  the  thermometer  my  particular  ftudy,  and 
in  the  courfe  thereof,  I  endeavoured  among  the 
fluids  in  u/e,  to  find  one  zvbofe  dilatations  are  the 
moji  proportional  to  the  augmentation  of  be^t  wbicb 
Qccajions  them. 

This  queftion  would  not  have  occurred,  if  the 
dilatation  of  each  fluid,  though  different  in  quan- 
tity, had  been  proportional  in  it's  progrefs.  This 
was  found  clearly  not  to  be  the  cafe,  by  compar- 
ing the  march  of  Vifpirit  thermometer  with  one  of 
quick/liver.  The  comparifon  ihewed  that  their 
march  was  fo  different,  that  they  could  not  be 
made  to  correfpond  together,  otherwifc  than  by 
making  the  degre/cs  of  the  one  unequal,  while  thofc 
of  the  other  were  equal.  They  muft  go  in  an  in- 
creafing  progreffion,  beginning  at  the  bottom  and 
proceeding  to  the  top  of  the  fpirit  of  wine  thermo- 
4  mctcFi 
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meter,  but  from  the  top  to  the  bottom  of  that  of 
quickfilver. 

As  there  was  a  different  march  in  their  pro- 
greflion  with  the  fame  augmentation  of  heat,  it  was 
clear,  that  one  or  the  other  was  not  proportional 
to  the  augmentation  of  heat.  From  hence  a  doubt 
originated,  whether  there  was  any  fluid  which  di- 
lated in  proportion  to  the  degrees  of  heat.  In  a 
courfe  of  experiments,  to  afccrtain  this  point,  by 
comparing  the  march  of  different  fluids  with  that 
of  mercury,  1  was  ft  ruck,  fays  our  author,  with  the 
difproportion  between  the  progrefTion  of  water  and 
that  of  other  fluids.  If  you  divide  into  8cx)  equal 
parts,  the  augmentation  in  the  bulk  of  water  and 
4nercury  in  paffing  from  the  freezing  to  the  boiling 
point,  and  if  you  compare  the  correfponding  de- 
gree of  this  augmentation  in  each  fluid,  you  will 
find,  that  from  the  heat  of  melting  ice  to  the 
grcateft  degree  of  heat  which  reigns  on  the  furface 
of  the  earth,  when  vegetation  commences,  (which 
I  fuppofc  10  degrees  of  a  thermometer  divided  in- 
to 80  parts)  the  mercury  undergoes  100  of  thefe 
800  parts,  .and  the  water  only  2.     That  from  this 

r)int,  to  that  which  reigns  only  in  fummer,  (that 
fuppc^e  to  be  25  degrees)  the  mercury  dilated  it- 
fclf  150  of  the  800  parts,  water  only  71  ;  fo  that 
ia  the  great  heats  of  fummer  mercury  has  acquired 
250, of  it's  800  parts  of  augmentation,  water  only 
73.  Thus  water  does  not  allume  in  it's  dilatations, 
<iegrecs  proportional  to  the  augmentation  of  heat, 
the  firft  degrees  being  very  fmall  when  compared 
tothelaft. 

This  was,  without  doubt,  a  very  interefting 
phenomenon.  Having  reflected  upon  the  caufe, 
framed  an  hypothefis,  and  endeavoured  to  verity  it 
by  an  experiment  which  fucceeded,  I  received,  I 
bdieve,  as  much  pleafure,  as  phyju  al  fpecuiation 
can  give.     I  have  publiflied  the  hiflory  of  this  re- 

fearch. 
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fcarch,  but  of  the  pleafure  I  received,  I  have  only 
a  feeble  remembrance. 

Having,  however,  one  day  confidercd,  that 
water  is  the  fluid  the  rnoft  generally  diffufed  in  our 
globe,  that  all  fubftances  contain  Jt,  that  it  is  the 
vehicle  of  all  vegetable  and  animal  nourilhment, 
that  it  is  included  in  all  the  veflels  that  convey  their 
food  ;  that  in  all  thefe  refpeds,  if  it  had  been  a 
turbulent  fluid,  rapid  in  thefe  lower  dilatations, 
the  whole  conftitution  of  things  would  have  been 
overturned :  when  this  occurred,  my  mind  was 
filled  with  admiration,  I  felt  myfelf  in  poffeflionof 
a  real  treafure,  and  I  never  think  on  thcfubjedlbut 
with  the  utmoft  delight. 

Do  not  then  fufFer  yourfelves  to  be  deprived  of 
thefe  delights ;  the  fearch  after  truth  can  only  be 
falutary  to  you,  when  confidered  as  proceeding  from 
ajirfi  intelligent  and  beneficent  caufe  :  without  this 
as  an  objedt  of  purfuit,  ihe  lofes  her  moli  ftriking 
beauties,  all  that  can  intereft  curiofity,  or  animate 
inveftigation. 

When  you  confider  the  proceflfes  in  nature, 
from  the  rnoft  obvious  efi^eds  to  their  moft  remote 
caufes,  fo  far  as  they  fall  within  the  fcope  of  our 
comprehenfion,  you  find  them  one  produced  from 
the  other  in  the  moft  wonderful  and  regular  fuc- 
ceflion  ;  that  which  appears  the  caufe  of  one  thing 
being  the  effed  of  another,  and  the  whole  togetherand 
each  individual  dependent  in  themfel  ves,  incapablcof 
producing  any  thing  except  asadted  upon  by  others; 
all  fpeaking  the  fame  language  %  an  incapacity, 
an  ABSOLUTE  inability  in  themfelves  of  doing  or 
cauling  any  thing,  and  pointing  you  to  a  caufe, 
diftindt  from  all,  an  intelligent,  adtive,  powerful 
Being,  who  employs  them  for  wife  and  gracioui 
purpofcs. 

Thus,  a  little  attention  to  the  nature  of  reli- 
gion, will  foon  convince  youj  that  infidelity  and 

irrC' 
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irreligion  afford  very  few  topics,  on  which  a  rcfleft- 
ing  iTiind  can  dwell  with  pleafure,  even  for  a  mo- 
moEit.       You   will   find  that    infidels  have  not  one 
argunnent  on  their  fide.     For  with  all  their  pre- 
tences   to   reafbn  and  wifdom,  they  can  no  more 
fhcw  you,  that  you  are  not   immortal,  than  they 
can  ilieV  you  what  was  doing  before  the  creation  of 
the  world.     In  fuppofing  that  the  whole  of  your 
cxiftenceends  with  your  body,  they  are  as  well  fup- 
ported,  as  they  would  be,  in  fuppofing  that  there 
are  no  beings  but  what  are  vifible  to  your  cy^s.  In 
fuppofing  that  man  will  never  be  called  to  an  ac- 
count, they  have  no  more  rcafon,  than  you  can  have 
for  fuppofing  that  there  will  be  nothing  a  thoufand 
years  hence. 

Yet  thefe  are  tYicftrong  foundations  of  infidelity 
and  prophanenefs ;  thefe  the  folid  principles  of  our 
foi'-difant  philofophers  and  their  deluded  followers. 
If  you  inquire  the  characters  of  the  moft  noted 
infidels,  you  will  find  them  to  have  been  men  who 
exceeded  their  fellow  creatures  in  nothing  but  ^r- 
rogance  and  prefumptioHy  and  that  infidelity  in  ge- 
neral is  founded  on  an  implicit  faith  in  the  writings 
and  opinions  of  men  of  wanton  and  fenfual  minds. 
Yet  thefe  arc  the  men  who  call  our  faith  mean,  and 
fubmiflion  to  revelation  flavery,  though  yielded 
only  to  the  highefl:   evidence   on  matters  of  the 
greatefl:  moment. 

Thefe  men  are  very  forw^ard  to  tell  you  pre- 
cifely  what  God  can  or  cannot  do ;  he  cannot  work 
a  miracle,  cannot  give  a  revelation,  cannot  guide 
the  motions  of  a  free  agent,  nor  make  fuch  a  one 
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lay  a  mighty  ftrefs  upon  thefe  words,  without  having 
any  clear  or  fettled  idea  of  their  import.  Thefe  men 
are  fcvere  upon  others  for  ufing  expreilions  they  cio 
not  underftand.     But  bdievc   me,  you  will  con- 
ftantl/  find  them  pretending  to  build  demonftra- 
tions  upon  principles,  whereof  they  have  no  clearer, 
nor  more  adequate  ideas,  than  the  vulgar,  whom 
they  atted:  to  ridicule,  have  of  their  myfteries;  and 
you  will  find  them  alzvays  endeavouring  to  make  a 
conftant  repetition  ofpojitive  ajfertions,  pafe  for  proof 
and  explanation. 

They  wilh  to  be  confidered  as  unbelievers,  but 
on  examination  you  will  find  them  men  of  the  moit 
refigned  and  implicit  faith.     The  creed  of  the  in- 
fidel has  as  mafiy  articles  as  that  of  the  chriftian, 
^nd  the  belief  thereof  requires  a  much  greater  fuf- 
pcnfion  of  your  reafon.     If  to  believe  things  ujxwi 
no  authority,   or  without  any  reafon,  be  a  fign  or 
mark  of  credulity ;  of  all  men,  the  free-thinker 
and  infidel  will  be  found  to  be  the  moft  eafy  and 
credulous.     The  difference  between  the  chriftian 
and  the  dcift,  does  not  confift  in  this,  that  the  one 
aflents  to  things  unknown,  and  the  other  does  not ; 
but  in  this,  that*thc  chriftian  aflents  to  things  un- 
known, on  the accountof  evidence;  the  otheraflents 
to  things  unknown,  without  any  evidence  at  all. 

Religion  requires  a  Jerions  and  wife  ufe  of 
your  reajon,  and  can  only  recommend  itfelf  to  you 
when  you  are  in  a  difpoiition   to  reafon  and  think 
fobcrly,  and  coniider  it  as  the  moftferious,  impor- 
tant, and  facrcd  fubjecc  in  the  world.    It  is  not  the 
deift's  bufinefs  to  reafon  foberly,  and  confider  the 
-  '--^^  ind  moment  of  things  with  exaclnefs:  idle 
ude  jefts,  and  lewd  inuendocs  ferve  the  pur- 
infidelity,  much  better  than  any  arguments 
Jt  difcovercd.     They  not  only  confufe  and 
Chc  mind,  but  they  alfo  gratify  and  ens 
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of  immoral  men,  by  affording  them 
*m  an  eafy  confutation  of  religion, 
^(flions  of  infidels  are  weak,  and  can 
rcc  but  upon  depraved  minds,  or  on 
I  mderftandings  are  naturally  weak,  or 
1  implicit  refignation  of  their  facuU 
igs  which  can  neither  improve  your 
your  heart,  exalt  your  virtue,  or  in- 
ifdom. 

t  cautioufly,  till  you  have  examined 
in  your  aflent  till  you  have  feen  clear- 
of  reafon  and  force  of  mind.  But  to 
c  any  reafon  of  doubting,  is  as  great 
believe  without  any  reafon  of  bellev- 
xtremes  proceed  from  an  excefs  of 
which  difordering  the  intelledual  eye> 
•edulous  to  fee  what  is  not,  and  blinds 
that  h^  does  not  Jec  what  is:  There  is 
1  maxim  clofely  connedied  with  thefc 
and  that  cannot  be  too  ftronply  incuU 
minds;  for  want  of  attention  thereto, 
Ts  have  impofed  upon  themfelve^, 
thers.  Many  things  may  be  incompre* 
^tdeynonftrable;  and  though  Jeeingclearly 
reafon  for  afirfning,  yet  not  feeing  at 
be  a  reafon  for  denying.  We  fee  many 
>e,  but  we  cannot  conceive  how  they 
the  connexion  between  fome  truths, 
een  all ;  we  fee  a  part,  but  not  tte 
e  fome  attributes  and  modes  of  things, 
t  fee  their  intimate  eflence.  Nature 
Tiylleries,  of  which  we  may  have  a 
ledge,  but  no  clear  conception ;  fome 
for  imagination  to  grafp,  fome  too 
t  to  difcern,  others  too  obfcure  to  be 
y,  and  others,  though  plainly  difcerna- 
jlves,  yet  remain  inexplicable  in  the 
odudlipn,  or  appear  incompatible  with 
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LECTURE    yilL 
Of  Fire. 

SO  great  is  the  power,  fo  cxtcnfivc  the  adion, 
and  fo  wonderful  the  n\anner  wherein  jire 
afts,  that  it  was  anciently  held  and  adored  as  the 
fupremc  God  by  a  nation  reputed  the  wifeft  of  all 
others.  Thus  fome  of  the  chemifts  having  found 
it's  extraordinary  force,  took  it  for  an  uncreated 
being,  and  many  among  them  attributing  all  the 
knowledge  they  had  acquired  to  this  inftrument, 
called  themfelvcs  the  fbilo/ophers  of  fire,  thinking 
they  could  not  be  dignified  by  a  higher  title. 

The  phenomena  of  fire  are  fo  Angular, 
and  it's  effeds  are  fo '  aftonifliing,  as  not  eafily 
to  admit  a  comparifon  with  other  appearances  in 
nature ;  and  if  ever  underftood,  it  will  be  by  means 
of  experimental  inveftigation.  Of  this  you  will 
have  a  proof  in  the  next  fubjecfc  of  our  difcourfe, 
which  is  on  evaporation. 

Heat  and  cold,  fays  Lord  Bacon,  arc  the  very 
bands  of  nature  with  which  Ihe  chiefly  workcth, 
the  one  contracting,  the  other  expanding  bodies,  io 
as  to  maintain  an  ofcillatory  motion  in  all  their 
parts.  So  ferviceable  are  thefe  changes,  that  thcr 
are  promoted  every  year,  every  day,  every  hour, 
every  moment ;  all  things  co-operating  to  this 
work,  night  and  day,  light  and  darknefs,  fununcr 
and  winter. 

That  a  fmall  increafe  of  heat  expands  air,  and 
that  it  is  hence  in  continual  motion,  will  be  proved 
by  this  fimple  inftrument,  which  at  the  fame  time 
gives  you  ocular  demonftration  of  the  unintermit^ 
ting  agency  of  fire  on  air,  by  (hewing  you  that  this 
fluid  is  never  at  reft,  but  inceflantly  vibrating. 

The 
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The  inftrumcnt  is  nothing  more  than  a  Flo- 
rence flaflc,  containing  about  2  ounces  of  fpirit  of 
wine,  furnifhed  with  a  tube  4  or  5  feet  long,  of  a 
fmall  bore ;  the  lower  end  of  the  tube  is  dipped 
below  the  furface  of  the  liquor,  but  not  fo  as  to 
touch  the  bottom  ;  a  graduated  fcale  is  annexed  to 
the  tube.  The  junfture  of  the  neck  is  made  air- 
tight by  a  collar  of  metal  and  hard  cement.  The 
quantity  of  air  being  fo  large,  and  the  tube  fo  fmall 
and  long,  you  have  a  curious  thermometer,  which 
if  expofed  at  an  open  window  will  never  be  at  reft, 
Ihewing  you  that  the  temperature  of  heat  is  conti-* 
nually  changing  with  every  breath  of  air  and  paf- 
fing  cloud. 

Or  Evaporation. 

According  as  the  texture  and  denfity  of  fluids 
vary,  the  paflage  of  fire  through  them  is  more  or 
lefs  retarded :  hence  as  fire,  in  efcaping,  carries 
off  a  portion  of  the  fluid  with  it,  fome  fluids  arc 
more  difpofed  to  evaporate,  or  fly  off  in  vapour, 
than  others  ;  thofe  are  called  volatile,  whofe  par- 
ticles fly  off  with  a  fmall  degree  of  heat. 

This  general  efl^e<9:  of  fii^  cannot  have  efcaped 
your  notice,  as  it  is  obfervable  in  the  moft  com- 
mon occurrences  of  life.  You  continually  fee  wai- 
ter going  off  in  the  form  of  vapour  from  a  tea-pot, 
a  tea-kettle,  &c.  If  you  put  a  fmall  quantity  of 
water  into  a  tea-kettle,  and  place  it  on  the  fire,  it 
will  difappear  in  a  ihort  time,  having  efcaped  in 
the  form  of  vapour.  This  vjpour  or  fteam  will, 
.  upon  the  addition  of  ;nore  heat,  if  it  be  not  al- 
lowed it's  proper  range,  expand  with  fuch  force  as 
to  burft  the  veffel  in  which  it  is  confined. 

If  the  fteam  of  boiling  water  be  at  liberty,  the 

.water  neverattains  more  than  acertaindegreeot  heat; 

but  if  it  be  confined  in  a  clofe  veffel,  the  additional 

iire  not  efcaping/  the  elafticity  of  the  fteam  is  in- 

VoL.  r.  U  crcafed. 
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creafcd,  it  re-ads  upon  the  water,  raifcs  the 
heat  fo  much  higher,  that  it  may  be  made  to  kecpr 
lead  in  fufion,  and  fo  penetrating,  that  it  will  fbftcn 
in  a  few  minutes  the  marrow-bone  of  an  ox. 

The  inftrument  contrived  for  the  foregoing 
purpofes,  (fig.  6,  pl^  S>^  ^^  called  Paplh*s  digejler, 
from  the  name  of  it's  inventor,  and  from  it's  pene- 
trating and  difTolving  the  fubftances  that  arc  ex- 
pofed  to  it*s  adtion.  It  is  a  ftrong  vefTel  ufually 
made  of  copper,  and  fitted  with  a  thick  clofc 
cover,  which  is  faftened  down  by  feveral  fcrcws, 
fo  as  to  be  fteam-tight  in  grear  degrees  of  heat. 
To  render  it  fafe,  when  ufed,  there  is  on  the  cover 
a  valve  to  let  out  the  fleam  when  too  violent ;  this 
valve  is  kept  down  by  a  fleelyard,  and  a  weight 
moveable  upon  it,  to  regulate  the  degrees  of 
ftrength  of  the  fteam  within. 

The  following  account  of  an  accident  with 
one  of  thefe  inftruments,  will  give  you  fome  i^ea 
of  the  force  of  fteam :  Mr.  Papin  having  fixed  all 
things  right,  and  included  about  a  pint  of  water  with 
two  ounces  of  a  marrow  bone ;  he  placed  the  vcflH 
horizontally  between  the  bars  of  the  grate,  about 
half  way  into  the  fire  ;   in  three  minutes  he  found 
it  raifed  to  a  great  heat,  and  perceiving  the  heat  in 
a  very  fhort  time  become  more  raging,  heftcpped 
to  the  lide-table  for  the  iron  wherewith  he  managed 
the  digeftcr,  in  order  to  take  it  out  of  the  fire, 
when  on  a  fudden,  it  burft  as  if  a  mufket  had  gone 
oif.     A  maid  that  was  gone  a  milking,  heard  it  at 
a  confidcrablc  diftance,    and   the  fervants  faid  it 
fhook  the  houfc.     As  he  had  foretold,  the  bottom 
oftheveflcl,  that  was  in  the  fire,  gave  way;  the 
blaft  of  the  expanded  water  blew  all  the  coals  out 
of  the  fire  over  the  room,  the  remainder  of  the 
veflcl  flew  acrofs  the  room,  and  hitting  the  leaf  of 
4  table  made  of  inch  oak  plank,  broke  it  all  in 

pieces. 
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Jiicces,  and  rebounded  halfway  of  thfe  room  back 
again.  He  could  not  perceive  the  leaft  lign  of 
water,  though  he  looked  carefully  for  it ;  the  fire 
was  quite  extinguiftied,  and  every  coal  black  in 
an  inftant. 

If  a  drop  of  water  be  placed  on  the  bottom 
of  an  exhaufted  receiver,  it  willfuddcnly  difappear, 
and  be  converted  into  a  fubtil  vapour,  which  will 
fill  the  veffel,  and  it's  preffure  againft  the  internal 
Surface  will  be  fo  ftrong,  when  heated  to  a  certain 
degree,  that  it  will  be  almoft  impoflible  to  confine 
it,  and  it  will  often  burft  the  veffel  with  a  loud 
cxplofion.     This  efFedl  of  vapour  is  fufficicntly  and 
readily  exemplified   by  the  fmall  machines  called 
candle-balls.     This  great  expanfion  of  the  vapour 
is  the  true  caufe  of  the  danger  of  throwing  water 
into  boiling  oils,  or  upon  melted  metals,   more 
efpecially  brafs  or  copper ;    the  water  being  a  hea- 
vier Auid  than  the  oil,  falls  to  the  bottom,  where  it 
is  immediately  converted  into  vapour,  and  caufes  a 
violent  ebullition.     A  fmall  quantity  of  humidity, 
when  mixed  with  hot  metals,  will  be  converted 
into  vapour  with  fuch  rapidity  as  to  produce  a  more 
violent  explofion  than  gunpowder;  hence  the  dan- 
ger in  carting  copper  or  iron  veflels ;   for  if  the 
fluid  metal  meets  with  the  leaft  moifture,   in  it's 
paflage  from  the  furnace  to  the  mould,  the  watery 
particles  are  inftantly   expanded,  and   throw  the 
burning  metal  to  a  confiderable  diftance. 

If  a  quantity  of  water  be  thrown  into  an  iron, 
veffel,  heated  red-hot,  it  will  run  about  the  veffel 
like  quickfilver,  but  without  touching  the  bottom 
or  fides,  being  converted  into  vapour,  which  pre- 
vents it's  coming  in  contad:  with  the  veffel. 

The  eoh'pUe,  or  wind-ball,  is  an  inftrumcnt 
which  exhibits  in  a  pleafing  manner  the  generation 
and  force  of  fteam. 

U2  It 
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It  has  a  long  narrow  neck,  with  a  fmall  aper- 
ture, through  which  the  fleam  ruflies  with  great 
violence  in  the  form  of  a  fa<flitious  wind,  which 
will  blow  and  brighten  a  fire,  put  out  a  candle, 
and  feel  like  a  ftrong  blaft  when  received  upon  the 
hand. 

It  is  fometimes  placed  on  a  fmall  carriage, 
(fg.  5,  pL  5,>)  a  cork  is  thruft  into  the  extremity 
of  the  pipe ;  when  the  vapour  has  acquired  fufficicnt 
ftrength  to  force  out  the  cork,  it  ruflies  out  vio- 
lently one  way,  while  the  ball  and  carriage  arc 
carried  the  contrary  way. 

The  fteam  of  boiling  water*  is  applied  as  a 
mechanical  force  to  the  flieam  engine,  of  whofc 
wonderful  eifecfts  no  one  can  be  entirely  ignorant. 

One  of  thefe  engines  was  repairing  at  Chelfca, 
and  as  the  workmen  were  bufy  about  it  to  difcover 
the  defedl,  the  barrel  burft  on  a  fuddcn,  and  a 
cloud  of  fteam  rufliing  out  of  the  fradlure,  ftruck 
one  of  the  workmen,  and  killed  him  in  an  inftant, 
like  a  blaft  of  lightning ;  his  companions  haftenedto 
his  affiftance,  but  when  they  endeavoured  to  take  off 
his  cloaths,  the  flefti  came  off  with  them  from  the 
bones.  A  further  account  of  this  engine  will  be 
given  in  the  procefs  of  thefe  ledlures. 

The  force  of  the  vapours  of  fpirit  of  wine  has 
occaiioned  terrible  accidents  when  the  worm  has 
been  flopped,  and  the  head  of  the  flill  abfurdly 
tied  down  to  prevent  an  explofion.  The  vapours 
of  mercury  have  burft  an  iron  box,  and  thofe  of 
fal  ammoniac^  nitrous  acid,  &c.  &c.  have  all  been 
known  to  burft  the  chemical  veflels  which  confined 
them,  and  with  fuch  force  as  to  endanger  thofe 
who  ftood  near  them.  In  fliort,  there  is  no  fub- 
ftancc  whatever  capable  of  being  reduced  into  a 
ftate  of  vapour,  but  what  in  that  uate  is  endowed 
with  an  elaftic  force  capable  of  becoming  fuperior 
te  any  obftaclc  we  can  throw  in  it's  way. 

Evapa- 
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Evaporation  is  not  confined  in  it's  ufe  to  a 
few  mechanical  engines^  but  extends  to  various 
arts  ;  and  is  alfo  one  of  the  great  natural  procefTes 
by  'wliich  the  vegetable  kingdom  is  fupplied  with 
the  rain,  neceflary  for  it's  fupport. 

In  chemiftry,   this  operation  is  ufed  for  fepa- 

rating   two  fubftances  from  each  other,  of  which 

one,    at  leaft,  muft  be  fluid,  and  wbo/e  degrees  of 

'volatility  are  very  different.     By  this  means,  you 

may  obtain  a  fait,  which  has  been  diflblved  in 

water,  in  it's  concrete  form ;  by  heating,  the  water 

is  combined  with  fire,  and  rendered  volatile,  while 

the  particles  of  fait  being  heavier  and  lefs  volatile 

are  left  behind,  and  unite  into  a  folid  ilate.    K^ 

during  the  evaporation  the  fluid  carried  oflfby  the 

fire  is  entirely  loft,  being  facrificed  for  the  fake  of 

the   fixed  fubftance  with  which  it  was  combined, 

this  procefs  is  only  employed  where  the  fluid  is  of 

fnuill  value,  as  water.     When  the  fluid  is  of  more 

value,  the  chemifts  have  recourfe  to  dijiillation,  m 

which  procefs  they  preferve  both  the  fixed  (ubftance 

and  the  volatile  fluid* 

Of  Ebullition  and  Evaporation^* 

Ebullition  is  an  accidental  phenomenon,  de- 
pending on  the  air  contained  in  liquids ;  for  if  thig 
be  thoroughly  expelled,  there  will  be  no  ebullition. 

You  have  iccn  that  water,  in  vacuo,  gives  out 
a  great  quantity  of  air  in  bubbles ;  thefe  are  formed 
in  the  midft  of  the  water,  increafe  in  fize,  and 
then  efcape.  When  no  more  bubbles  are  produced 
by  this  operation,  frefli  ones  may  be  obtained  by 
agitating  the  water ;  ftill  more  may  be  difengaged^ 
if  it  be  heated. 

The  air  that  is  engaged  in  water,  is  prevented 
U  3  from 

♦  See  «  Lcttrcs  dc  Mr,  dc  Luc,  »^.  dc  la  Melhric^  publifhc^ 
In  the  Journ^  d«  Phyfi^uCi  for  x  790, 1 79 1  >  1 799/' 
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from  fcparating  the  particles  thereof,  by  the  pref- 
fiire  of  the  atmofphere:  when  this  preflurc  is 
removed,  thofe  particles  of  air  which  arc  moft  fa- 
vourably lituated,  begin  to  move  with  more  liberty^ 
and  by  their  impacSt  to  augment  the  fpaces  in 
v/hich  they  are  contained,  thus  giving  room  for 
other  particles  to  difengage  themfelves,  and  form 
fmall  bubbles ;  thefe  being  unequal  in  fize,  rife 
with  different  velocities ;  in  rifing  they  often  meet 
and  unite,  and  the  fpace  they  thus  conjointly  oc- 
cupy, is  larger  than  the  fumof  the  fcparated  fpaces. 
This  is  the  caufc  of  the  firft  phenomenon  above 
mentioned ;  for  by  agitating  the  water,  fpaces  are 
formed  void  of  air,  into  which,  other  particles  of 
this  fluid  difcngaging  themfelves  from  the  fides 
bf  the  water  furrounding  the  empty  fpace,  enter; 
and  thus  are  frelh  bubbles  of  air  formed,  which 
would  not  have  been  difcngaged  without  this  agi- 
tation of  the  water,  Laftly,  by  a  frefli  degree  of 
heat  applied  to  the  water,  an  expanjible  fluid  is  in- 
troduced therein,  that  is  more  fubtil  than  air,  and 
is  always  in  motion  in  the  interftices  between  the 
particles  of  water:  by  fcparating  thefe,  it  enables 
thofe  of  air  to  difengage  themfelves,  and  thus  form 
more  bubbles  thereof. 

Now  if  all  the   air  that  is  contained  in  any 
liquid  be  expelled,  that  liquid  would  never  boil, 
neither  in  vacuo,  nor  in  open  air :  it  would  then 
evaporate  at   it's   furfacc;    the  evaporation 
Id  indeed  be  flower,  but  would  fl:ill  be  regu- 
i  by  the  fame  laws ;  and  at  \\itjame  temperature^ 
vapours  arifing  therefrom,  would  be  as  denje  as 
e  procured  by  ebullition  from  liquids  i 
ir;    for  the  degree  of  heat,  at  whi 
»    is  that  where  the  vapour  is  capa 
jpporting  the  incumbent  preflure,  t 
g  formed  in  the  bofom  of  the  fluid, 
L-  is  ^ny  folution  of  continuity. 
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This  reafoning  is  confirmed  by  an  experiment 
made  by  Mr.  Watt,  who  conveyed  fome  w  ater  into 
a  barometer  tube;  the  upper  part  of  the  tube  being 
formed  into  a  ball,  and  the  air  being  expelled  en- 
tirely from  the  water  it  contained,  the  b^ll  was  intro- 
duced into  a  veflel  of  fait  water;  this  was  gradually 
heated ;  the  increafe  of  the  heat,  the  march  of  the 
water,  and  the  correfponding  dcpreflion  of  the 
mercury,  were  carefully  noted. 

The  moment  the  fteam  or  vapour,  at  the  top 
of  the  inftrument,  had  attained  the  boiling  heat, 
the  mercury  in  the  barometer  was  deprefled  to  the 
level  of  that  in  the  bafon ;  the  vapour  in  the 
inftrument  was  therefore  then  of  the  fame  denfity,^ 
as  thofc  which  the  water  therein  would  have  formed 
if  it  had  boiled ;  whereas  in  the  prefent  experiment, 
there  was  no  ebullition.  In  proportion  as  the  falt- 
water  was  more  heated,  the  denfity  of  the  vapours 
increafed,  and  the  mercury  in  the  tube  fell  beneath 
the  level  of  that  in  the  bafon,  till  at  laft  it  was 
driven  entirely  out  of  the  tube :  there  was  ftill, 
however,  no  ebullition,  though  the  heat  was  many 
degrees  above  the  boiling  point. 

The  depreflion  of  the  column  of  mercury,  and 
the  correfponding  augmentation  of  heat  in  the 
water,  coincided,  as  nearly  as  could  be  expefted, 
with  the  heat  aflumed  in  other  experiments  by 
boiling  water,  under  different  degrees  of  incumbent 
prefliire.  • 

From  this  experiment  you  will  naturally  infer, 
firft,  that  ebullition  is  only  an  accidental  pheno- 
menon, arifing  from  the  air  inclofed  in  the  liquid. 
Secondly,  that  with  the  fame  temperature,  fimilar 
vapours  are  detached  from  water,  whether  it  boils 
or  not.  Thirdly,  that  ebullition  does  not  take 
place,  until  the  vapour  produced  in  the  liqu(>r  has 
acquired  a  degree  of  expanfive  force  fufficient  to 
raife  the  liquor  into  bubbles  under  that  preffure. 

U4  It 


Digitized  byCjOOQlC 


296     Lectures  on  Natural  pHiLOsopny, 

It  now  remains  to  be  explained  how  vapour 
is  produced  in  boiling  water,  and  by  what  means 
the  permanent  or  conftant  heat  of  boiling  water 
is  preferved  under  the  fame  prefllirc.  Thefe  phe- 
nomena are  eafily  explained  by  experiment,  for 
this  will  Ihew  you  that  vapour  is  formed  in  the 
midft  of  water,  by  means  of  the  bubbles  of  air 
that  are  difengaged  therein,  Thefe  bubbles  form 
a  folution  of  continuity  into  which  the  vapour  en- 
ters, and  is  then  expanded  and  united  with  fire; 
hence  an  evaporation  which  cools  the  fluid,  and 
prcferves  it  at  a  certain  temperature. 

When  the  heat  is  fmall,   the  vapour  that  is 
formed  is  fo  rare,  as  not  to  increafe  the  natural 
effort  of  the  bubbles  of  air  in  efcaping;   but  when 
the  heat  increafes,  the  fteam  or  vapour  that  enters 
the  bubbles  of  air,  becomes  more  denfe,  and  the 
bubbles  are  enlarged  ;  the  heat  being  further  aug- 
mented, the  fteam  contained  in  the  bubbles  be- 
comes fufficiently  denfe  to  furmountthe  preffureof 
the  water,  it  then  enlarges  the  fpace  in  which  it  is 
contained,    and  would  do   this  indefinitely,  if  it 
were  prevented  efcaping  from  the  furface.     M.  de 
Luc  put  into  a  retort   with  a  long  neck,  fbme 
water,  which  was  fo  perfeftly  freed  from  ?iir,  that 
no  bubbles  were  difengaged  till  it  had  attained  the 
boiling  heat ;   the  retort  was  held  in  an  inclined 
pofition,  to  prevent  the  fteam  from  efcaping  by  the 
neck:  in  this  pofition,  one  bubble  of  air  difengaged 
itfelf,  and  gave  rife  to  fo  much  fteam,  as  forced 
out,    in  one  mafs,  nearly  half  the  water  that  was 
contained  in  the  retort ;  proving   that  a  certain 
degree  of  heat  is  neceffary  to  form  fteam  fufficient- 
ly denfe  to   overcome    by  itfelf  the   incumbent 
preffure. 

The  bubbles  of  air,  and  included  fteam,  arc 

formed,  and  efcape  with  lefs  heat,  when  there  is 

Jefs  prcflurc  on  the  furface.     ThuS|  when  the  prcf- 

furc 
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fvnrt  of  the  atmofphere  is  removed,  water  will  boil 
with  a  heat  not  exceeding  95  degrees,  that  is,  117 
degrees  below  the  heat  required  under  the  ordinary 
preflureof  the  atmofphere, 

Th^  greater  the  preflure,  the  greater  is  the 
degree  of  heat  neceflary  for  ebullition,  infomuch 
that  in  Papin's  digefter,  water  acquires  a  degree  of 
heat  equal  to  th^t  of  metals  when  red-hot. 

As  foon  as  the  fleam  is  formed,  and  efcapes, 
the  water  becomes  colder,  but  foon  regains  it's 
former  heat  by  frefti  fupplies  of  fire.  The  water 
is  cooled  by  the  formation  of  the  vapour  within  it; 
thus  the  quantity  of  water  is  diminiftied^  but  the 
heat  remains  the  fame,  being  neither  increafed 
nor  diminifhed ;  the  continued  application  of  fire, 
by  converting  a  greater  portion  into  vapour,  is 
carried  off,  fo  that  by  the  evaporation  the  heat  of 
the  boiling  point  is  fixed :  this  is  rendered  evident 
by  experiment.  Thus  Mr.  de  Luc  having  expelled 
the  air  from  fpirit  of  wine,  found  it  was  capable  of 
fuftaining  the  heat  of  boiling  water  ;  he  thence  in-, 
ferred,  that  by  expelling  the  bubbles  of  air  from 
water,  he  fhould  make  this  fluid  fupport  a  greater 
degree  of  heat  than  2 1 2  degrees.  He  made  th^ 
experiment,  and  it  fucceeded  according  to  his  ex-, 
pecftation ;  when- all  the  air  was  expelled,  no  vapour 
efcaped,  becaufe  none  of  thefe  bubbles  were  formed, 
and  the  water  at  the  common  preflure  of  the  at- 
mofphere, fufl:ained  a  heat  2  :>  degrees  greater  than 
that  of  the  common  boiling  point :  hence  alfo  it  it 
evident,  that  fl:eam  or  vapour  can  only  be  formed 
at  the  free  furface  of  fluids. 

It  was  found  in  the  courfe  of  thefe  experiments^ 
that  whenever  the  thermometer  had  rifen  above 
the  boiling  point,  it  immediately  fell  again  to  that 
point ;  the  formation  and  cfcape  of  frelh  bubbles 
as  it  were  cooling  it  down  to  that  heat. 

Accurately  fpeaking,   therefore,   the  boiling 

point 
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point  is  only  fixed  and  certain  in  the  ftcam  which 
cfcapcs ;  for  the  temperature  of  the  water  varies^ 
being  fomcthiics  above,  fometimes  below  this  point, 
but  always  falls,  when  higher,  immediately  on  the 
cfcapc  of  fteam  bubbles.  The  greater  the  degree 
of  heat  that  is  applied  to  the  water,  the  more  rapid 
are  thefe  ofcillations  of  temperature.  The  mean 
temperature,  however,  remains  the  fame,  and  the 
only  eifcdt  of  a  greater  degree  of  heat,  is  to  produce 
from  the  water  fteam-bubblcs  of  a  conftant  tempe- 
rature, in  greater  number,  and  with  more  rapi- 
dity. 

You  may  from  thefe  experiments  comprehend 
why  liquids  are  cooled  by  evaporation,  as  well  as 
the  nature  of  evaporation  itfelf ;  the  particles  of 
fire  being  very  fubtil,  penetrate  and  travcrfe  all 
bodies  continually,   in  every  diredion,  and  under- 
go   therein     the     various    modifications    already 
dcfcribcd  :  the   permanency  of  the  fame  tempe- 
rature in  any  body,  and  in  the  air  furrounding  it, 
will  therefore  depend  on  an  equilibrium  in  the 
limultancous  pallage  of  the  particles  of  fire  from 
that  body  into  the  air,  and  from  the  air  into  that 
body ;  and  this  equilibrium  exifl:s,  wherever  fire 
jiiects    the    fame    refiftance    at    coming   in    and 
going  out,  as  in  folid  fubllances,  or  in  fluids  in- 
clofed  in  folids.     But   the  cafe  is  different  with 
thofe  that  have  one  furfacc  free  or  expofed,  as 
fluids;    for  here  the    fire   that  enters,  does  not 
compenfate  for  what  goes  out;  the  latter  being  lefs 
refiftcd  than  the  former,  the  fire  pafles  out  more 
ranidlv  than  it  enters,   carrying  away  with  it  the 
es  of  water,  which  it  meets  with  at  the 
By  this  means  the  fluid  is  rendered  cooler 
!  ambient  air,  and  the  ctted:  is  greater  in 
ion    as   the  molecules  of  the  fluid  yield 
:iiily  to  the  imprcflion  of  the  pa^icle| ' 
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When  the  molecules  that  have  been  thus  de- 
tached from  the  general  mafs,  keep  at  a  certain 
dijiance  from  each  other,  (which  diftance  is  regu- 
lated by  the  temperature,)  they  remain  united  with 
the  particles  of  fire,  and  vapour  is  therefult,  which 
may  be  confidered  as  an  expanfible  fluid,  that  ob- 
tains from  fire  it's  peculiar  properties,  while,  like 
other  mixtures,  it  acquires  qualities  which  are 
not  perceivable  in  the  feparated  ingredients :  but 
if  the  particles  of  vapour  or  fteam  are  brought 
within  the  above  diftances,  they  unite  and  are 
precipitated. 

According  to  the  experiments  of  Mr,  Watt> 
boiling  /team,  when  the  barometer  is  at  28  inches, 
occupies  1800  times  more  fpace  than  the  water 
from  which  it  proceeds.  This  fteam  is  pure,  and 
it's  peculiar  character  is  to  be  fufficient  of  itfelf 
to  fupport  the  prefllire  of  the  atraofphere.  If  you 
increafe  the  fpace  occupied  by  a  given  mafs  of 
this  fteam,  preferving  the  fame  temperature,  it 
dilates,  and  fills  this  fpace,  feeming  to  have  no 
other  limits  of  expanfion  than  the  fpace  in  which 
it  ads;  but  if  you  make  it  occupy  a  lefs  fpace,  a 
portion  of  the  fteam  or  vapour  is  deftroyed,  with- 
out diminiftiing  the  denfity  of  what  remains :  in 
this  cafe,  a  portion  of  the  water  is  precipitated,  and 
a  portion  of  fire  difengaged.  The  liberation  of 
fire  will  retard  the  deftrudlion  of  the  remaining 
fteam,  unlefs  it  efcapes  through  the  veflcl  in  which 
the  fteam  is  confined. 

The  evaporation  of  a  drop  of  water  at  the 
top  of  a  barometer,  deprefled  the  mercurial  co- 
lumn half  an  inch,  when  the  thermometer  was  at 
57  degrees  ;  the  vapour  alone,  in  this  inftance, 
and  with  this  temperature,  fupported  a  column  of 
mercury  of  half  an  inch.  If  the  column  of  mer- 
cury was  raifed  by  adding  more  mercury  at  bottom, 
the  depreflion  of  the  barometric  column  Mas  ftill 
I  the 
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the  fame  ;  a  part  of  the  fteam  was  deftroycd,  but 
|:he  rcfidue  prcferved  the  famedenlity  till  the  whole 
was  deftroyed.  This  experiment  agrees  with  one 
of  Mr.  Nairne's,  already  mentioned. 

By  confidering  what  has  been  faid,  you  will 
find  that  the  air  has  had  no  concern  in  the  for«r 
mation  of  vapour  j  for  in  the  experiments  with 
boiling  water,  it  is  excluded  by  the  fteam  itfelf, 
and  in  experiments  made  in  vacuo,  it  was  ex-r 
traded  ;  yet  in  both  cafes,  the  fame  phenomena 
take  place  as  where  air  is  prefent.  Meffrs.  de  Luc 
and  SauiTure  have  further  proved  this.  I  ftiall  how- 
ever only  relate  one  more  experiment.*  A  baro- 
ineter  was  placed  in  a  veflel  filled  with  air;  the 
vapour  contained  in  this  being  abforbcd  by  proper 
falts,  a  moiflened  rag  was  placed  therein,  and  then 
the  vcflcl  was  fealed.  The  barometer,  when  in* 
clofed,  was  at  27  inches,  the  thermometer  about 
^4  degrees  ;  the  greateft  degree  of  evaporation 
raifcd  the  barometer  to  27  J  inches,  thus  coin* 
aiding,  as  nearly  as  could  be  expeded,  with  the 
experiments  ot  NItfiVs.  Nairne  ^nd  Watt. 

7be  phenomeyia  of  aqueous  vapour  are  therefore 
clearly  the  fame  in  open  air  as  in  vacuo.  The  den-' 
fity  of  the  vapour  is  the  fame  every  where,  and  at 
any  temperature,  provided  the  particles  thereof 
keep  at  a  certain  diftance  from  each  other.  It  is 
equally  indifferent  whether  they  be  expanded  in 
air  or  in  vacuo,  fo  that  they  are  not  forced  by 
preffurc  within  this  diftance.  Now  the  particles 
of  vapour  in  vacuo  are  not  better  fecured  by  the 
fides  of  the  veflel  from  the  prefture  of  the  atmo- 
phcrc,  than  thofe  in  open  air  are  by  the  air  itfelf 
Mith  which  they  arc  intermingled,  becaufe  thisai^ 
alone  already  refills  this  prefliire. 

A  portion  of  vapour  is  ?it  any  time  deftroycd 

h)' 

♦  Mr.  dc  Sauffurc,  ElTais  furV  Pygromclric. 
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by  condenfing  the  air  with  Mhich  it  is  intcrmin* 
gled*  It  is  indeed  a  general  obfervation,  that  hu- 
midity is  increafed  by  condenfing,  and  diminifhed 
by  dilating  the  air.  In  the  fame  manner  in  vacuo, 
at  every  temperature  humiclity  increafes,  when 
the  particles  of  vapour  approach  within  a  certain 
difbmce,  and  diminilh  when  they  recede  further. 

Thus  docs  every  phenomenon  prove  that  the 
hypothefis  of  the  dijfolution  of  water  by  air,  is  vagut^ 
ivitbout  any  folid  foundation,  unnecejjary  for  tb^^  ex^ 
planation  of  evaporation,  and  involving  every  branch 
•f  pbilofopby  in  ohfcuriiy. 

Of  the  Latent  Fire  in  Steam  or  Vapour. 

Boiling  water,  when  examined  by  a  thermo- 
meter, is  not  fenfibly  hotter  after  boiling  feveral 
hours  than  when  it  began  to  boil ;  though  to  main- 
tain it  at  that  degree  of  temperature,  a  briflc  fire 
muft  be  neceflarily  kept  up.  What  then  becomes 
of  this  great  wafte  of  fire  ?  It  is  not  in  the  water> 
nor  is  it  manifefted  by  the  fteam,  for  upon  exa- 
mination, this  is  rarely  found  to  be  hotter  than 
boiling  water.  Dr.  Black  has  proved  that  this  fire 
is  abforbcd  by  the  vapour,  and  that  what  is  fo  ab- 
forbed,  is  abfolutcly  neceflary  to  the  exiftence  of 
water  in  the  form  of  an  elaftic  fluid,  but  which 
does  not  increafe  it's  temperature. 

The  following  experiments  of  Dr.  Black  will 
render  this  fubjedt  very  plain  to  you.  Having  the 
opportunity  of  ufing  what  is  called  a  kitchen  table, 
or  a  large  thick  plate  of  caft  iron ;  he  heated  one 
end  thereof  red-hot,  and  placed  thereon  two  flat 
circular  iron  veflcls,  of  about  four  inches  diameter, 
and  containing  equal  quantities  of  water ;  the  tem- 
perature of  the  w  ater  was  noted  when  it  was  placed 
on  the  table,  when  it  began  to  boil,  and  when  it 
was  nearly  boiled  away.     In  four  minutes  it  began 
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to  boil,  and  fend  forth  fteam,  and  in  the  fpacc  of 
20  minutes,  the  plate  being  flill  of  the  fame  heat, 
the  wscter  was  wholly  evaporated.  At  the  begin- 
ning of  the  experiment,  the  water  was  at  54dcgrecs; 
in  4  minutes,  it  rofe  158  degrees,  or  to  the  boiling 
point ;  during  each  of  the  fucceflive  4  minutes,  it 
received  the  fame  quantity  of  heat ;  that  is,  in  20 
minutes,  5  times  1 5  8,  or  790  degrees.  If  the  fteam 
had  gone  off  with  great  velocity,  we  might  have 
faid  that  it  was  a  fenfible  effcdt  of  the  increafe  of 
heat ;  but  as  neither  the  heat  of  the  water  is  in- 
crcafed  by  boiling,  nor  the  fteam  fent  off  w^ith  any 
remarkable  celerity,  we  may  reafonably  conclude 
that  the  fire  is  abforbed  by  the  fteam,  and  becomes 
one  of  it's  component  parts.  The  furplus  heat  is 
neither  fenfible  in  the  water,  nor  the  fteam ;  for  if 
you  apply  a  thermometer  to  the  fteam,  you  will 
not  fijid  it  hotter  than  the  boiling  water. 

This  conclufion  is  further  ftrengthened  by  the 
heat  given  out  by  fteam,  on  it's  being  condenfed 
by  cold :  this  is  particularly  manifeft  in  the  con- 
dcnfation  of  this  fluid,  in  the  procefs  of  diftillation; 
where,  upon  examining  the  refrigeratory,  you  will 
find  that  a  much  greater  quantity  of  heat  is  com- 
municated to  it,  than  could  poflibly  have  been 
tranfmitted  by  the  heat  which  was  acting  fenfibly 
before  the  condenfation :  this  may  be  eafily  afcer- 
tained  by  obferving  the  quantity  of  hfcat  communi- 
cated to  the  water  in  the  refrigeratory  of  a  ftill,  by 
any  given  quantity  of  liquid  that  comes  over.  Thus, 
if  the  refrigeratory  contains  100  pounds  of  water, 
and  the  diftillation  be  continued  till  one  pound  has 
come  over,  fuppofing  the  w  atcr  in  the  refrigeratory 
to  have  received  8  degrees  of  heat ;  if  the  whole 
of  the  quantity  thus  received,  could  be  thrown 
into  one  pound  of  water,  the  latter  would  receive  80O 
degrees.  But  that  this  quantity  of  heat  is  recei^|^ 
by  the  refrigeratory,  has  been  proved  by  c^         |f 
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ments;  which  confcquently  Ihews  that  water,  when 
converted  into  vapour,  abforbs  above  800  degrees 
of  heat. 

Dr.  Black  put  fome  water  into  a  ftrong  phial, 
having  a  thermometer  in  it,  and  flopped  ciofely 
tvith  d  cofic :  this  he  expofed  to  a  fand  heat,  and 
brought   the  thermometer  20  degrees  above  the 
boiling  point;  which  was  calily  cfFeded,  as  the 
preflurc  of  the  fteam  om  the  water,  made  the  fluid 
capable  of  greater  acceflions  of  heat.     He  then  , 
pulled  out  the  cork,  fuppoling  that  the  water  would 
immediately  difappear,  by  flying  out  in  vapour. 
This  did  not  happen ;  for  upon  taking  off  the  me- 
chanical preflTure,  afuddenand  very  tumultuous ebuU 
lition  enfued,  during  which  a  portion  of  the  water 
was  forced  out  of  the  phial,  together  with  a  quan- 
tity of  fteam ;  the  water  in  the  phial  funk  down  to 
212,  almoft  as  foon  as  the  cork  was  pulled  out. 
Now  as  the  additional  heat  does  not  appear  in  the 
water,  though  the  minute  before  it  a^ted  fenfibly 
in  it,  we  may  conclude  that  the  fire  occafioning  it 
is  combined  with  the  fteam. 

Mr.  Watt,  under  the  dircdion  of  Dr.  Black, 
put  a  quantity  of  water  into  Papin's  digeftcr,  and 
raifed  it  to  41  a  degrees.  After  confining  the  fteam 
for  a  long  time. in  fuch  a  prcflure,  he  judged  that 
upon  admitting  the  air,  and  giving  vent  to  the 
obftruded  fteam,  the  whole  mafs  of  water  would 
inftantly  evaporate ;  this  was  not  however  the  cafe, 
a  quantity  of  fteam  flew  out  with  confidcrablc 
noife,  and  with  fuch  impetuofity,  as  to  rattle  feve- 
ral  times  againft  the  ceiling  of  the  room ;  yet  far 
the  greater  part  of  the  water  remained,  which  im- 
mediately funk  to  212  degrees;  whence  it  was 
concluded,  that  the  fire,  thus  put  in  adion,  was 
abforbed  by  th^  fteam,  by  which  means  the  tem- 
perature of  the  water  was  reduced  to  the  boiling 
point.    In  this  experiment  the  water  was  heated 
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200  degrees  above  the  boiling  point.  If  the  con- 
verfion  of  water  depended  merely  on  the  quantity 
of  fenfiblc  heat,  the  whole  of  the  water  nuift  have 
been  evaporated,  whereas  a  fmall  quantity  only 
went  off  in  vapour. 

I  have  already  dwelt  a  confiderablc  time  on 
this  fubjedt;  but  the  importance  of  it  towards  a 
right  underftanding  of  the  mod  part  of  the  phe- 
nomena in  nature,  will  be  a  fufficient  excufe,  and 
will,  I  am  fure,  encourage  you  to  hear  with  atten- 
tion an  account  of  further  experiments  on  thi3 
interefting  branch  of  philofophy  ;  the  more  fo  as 
you  are  fenfiblc  that  natural  philofophy  confifts  in 
exploring,  by  experiment,  the  phenomena  refulting 
from  the  mutual  adtion  of  different  bodies  on  each 
other;  as  thefe  phenomena  are  innumerable,  expe- 
riments muft  be  fo  alfo ;  for  no  arithmetic  can 
reckon  up  the  various  ways  in  which  terreftrial 
bodies  may,  by  natural  and  artificial  means,  be 
brought  to  operate  on  each  other. 

If  eight  pounds  of  iron  filings,  at  2 1 2  degrees, 
be  mixed  with  a  pound  of  water  at  32  degrees,  the 
temperature  of  the  mixture  will  be  122  degrees 
nearly ;  the  iron  will  be  cooled  90  degrees,  and 
the  water  heated  90  degrees. 

But  if  eight  pounds  of  iron  filings,  at  300  dc- 
greeSj  be  mixed  with  a  pound  of  wnter  at  212 
degrees,  the  temperature  of  the  mixture  will  be 
212  degrees,  and  a  part  of  the  water  will  be  fen- 
libly  converted  into  vapour  :  if  a  fenfible  thermo- 
meter be  fo  fufpended  as  to  be  in  contacl:  with  the 
vapour  thus  produced,  it  will  be.  found  alfo  at  the 
temperature  of  212  degrees.  In  this  experiment, 
you  fee  that  88  degrees  of  fire,  feparated  from  the 
iron,  raifed  a  portion  of  the  water  into  the  form  of 
vapour,  but  did  not  increafe  the  temperature  there- 
of;  the  vapour  that  efcapcd  was  alfo  at  the  bqiling 
point.  As  the  fire  feparated  from  the  iron  is  not 
2  communis 
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trommunicated  to  the  water,  it  muft  rieccffarilf  be 
abforbed  by  the  vapour. 

From  thcfc  experiments  it  evidently  apbears^ 

that  fire  may  fo  exift  in  bodies^  as  hot  to  dilcover 

itfclf  in  any  other  way  than  by  it's  aAion  on  the 

minute  parts  of  the   body ;   and  that  this  adion 

may  be  fuddenly  changed  fo  as  to  be  no  longcif 

ditcdlcd  on  the  particles  of  the  fubftance  itfelf,  but 

upoii  external  objeds,  in  which  cafe  we  perceive 

it's  adion  by  the  fenfe  of  feeling,  or  difcover  it  by 

the  thermometer.     It  alfo  appears  from  thefe  ex-* 

periments,  that  wateri   in  it's  fluid  ftate,  hath  m 

tnuch  fire  combined  with  it  as  it  can  contain,  and 

yet  remain  in  that   ftate;   in   other  words,   the 

elementary  fire  within  it  expands  or  JeparaUs  iVs 

parts  from  each  other  as  much  as  is  confifient  with 

iVs  conftitution  as  water. 

If  Any  inore  is  added,  it  cannot  be  abforbed 
ot  combined,  or  diredl  it's  force  on  the  patticles  of 
the  water,  without  raifihg  them  in  vapour :  part, 
therefore,  of  this  additional  expanfive^wer  will 
be  employed  in  the  formation  of  vapour,  and  the 
reft  will  be  communicated  to  the  neighbouring 
fubftances. 

*  It  alfo  appears  as  evident  as  experiment  can 
make  it,  that  fire  is  the  caufe  of  fluidity  :  now  as 
fire,  when  producing  heat,  expands  bodies  in  every 
diredion,  we  may  conclude  that  it  add  lis  from  a 
center  towards  a  circumference,  and  that  cold  is  a 
diminution  of  this  adtion,  or  a  condenfationfrom  a 
circumference  towards  a  center;  ccmfequently  when 
the  expanfive  adion  of  fire  is  confined  within  the 
fiipfar*.  ^f  ^u^  u^.r    \^  cannot  affed  the  thermo- 

i,  in  this  fenfe,  latent  fire^ 
m  is  transferred  from  the 
bftance  to  the  furface,  it 
meter,  though  congealiiig 
^  .  or 
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or  freezing,  the  latent  fire  being  then  rendered 
fenfiblc. 

A  certain  degree  of  cxpanfive  power  exifts  in 
all  bodies;  this  has  been  termed  the  Ipccrfic  f\tc  of 
the  body.  When  the  expanfivc  adion  of  fire,  with- 
in  any  fubftance,  becomes  greater  than  is  coii- 
fiftent  with  the  cohefion  of  that  fubftance,  it  iv 
diffipated  or  refolved  into  vapour:  thisy  however, 
may  be  efFedted  in  fuch  a  way,  that  this  fire  may 
ftill  ad:  upon  the  feparatcd  parts,  without  exerting 
any  of  it's  force  upon  external  fubftances;  and 
confequently  vapour  will  continue  to  exift  as  fuch 
in  a  degree  of  heat  much  below  that  at  which  it 
was  produced.  When  this  latent  fire  is  trans- 
ferred to  other  bodies,  the  vapour  ceaics  to  be 
vapour,  is  condenfed,  and  in  moft  cafes  returns  to 
it's  original  ftate. 

Every  fubftance  hjts  a  proper  proportion  of 
fire  combined  with  it;  confequently  whenever  it  is 
decompofed,  or  new  combinations  take  place, 
there  will  be  either  an  equal,, a  fmaller^  or  a  greater 
quantity  of  fire  employed :  if  an  equal  quantity  is 
ufed,  there  will  be  no  fire  difengaged,  nor  tm 
abforbed ;  in  other  words,  no  portion  of  liberated 
fire  will  be  combined,  nor  will  any  that  was  com- 
bined be  fet  at  liberty.  But  in  the  fecond  cafe, 
where  lefs  fire  enters  into  the  new  combination, 
than  was  in  the  preceding  one,  a  portion  of  the 
.  fire  that  was  combined,  before  the  decompofition, 
will  be  fet  at  liberty,  and  will  remain  difengaged; 
after  the  recompofition,  it  will  re-aflume  it's  pro- 
perties, and  will  produce  the  effedt  we  call  heat, 
and  will  diflipate  itfelf  infenfibly  among  the  fur- 
rounding  bodies.  In  the  third  cafe,  when  more 
fire  enters  into  the  new  combination  than  was 
there  before,  the  fire  from  the  furrounding  bodies 
will  be  abforbed,.  and  pafs  from  the  ftate  of  free, 
to  combined  fire ;  as  the  furrounding  bodies  are 

thus 


Digitized  byCjOOQlC 


Nature  and  Properties  op  Fire.        367 

thus  deprived  of  a  portion  of  their  free  fire,  they 
ivill  therefore  become  colder,  and  continue  fo  till 
the  equilibrium  is  reftored  by  fire  from  other- 
bodies. 

You  have  thus  a  fenfible  and  clear  criterion^ 
by  i^rhich  you  may  diftinguifh  when  fire  is  difen- 
gaged  or  abforbed  in  any  combination  whatfoever ; 
in  the  firft  cafe  the  furrounding  bodies  will  be 
heated,  in  the  fecond  cooled. 

As  whenever  fire  is  abforbed  by  entering  into 
combination,  col^  is  produced,  we  may  infer  that 
whenever  cold  is  perceived,  a  quantity  of  liberated 
fire  is  become  combined,  or  that  there  hats  been  an 
abforption  of  fire  by  the  combination. 

Now  as  in  the  formation  of  vapours,  cold  is 

always  produced,  we  may  be  afllired  that  fire  is 

v.abforbed  when  vapours  are  formed,  or  that  vapours 

refult  from  the  combination  of  fire  with  a  fluid 

reduced  to  a  vaporous  ftate. 

As  an  objedlion  may  be  made  to  the  foregoing 
•theory,  it  will  be  neccflary  to  confider  it  before  wp 
proceed  any  further.  If  no  aeriform  flui4  can  be 
formed,  fays  the  objedlor,  without  a  portion  of 
fire  palling  into,  and  being  combined  with  it,  cold 
t>ught  always  to  be  produced  in  the  formation  of 
cVery  aeriform  fluid ;  whereas  in  the  combination 
of  calcareous  earths,  and  effervefcing  alkalies  with 
•acids,  inftead  of  cold  a  fenfible  heat  is  generally 
obferved  during  the  formation  of  the  fixed  air. 

This  phenomenon,  far  from  invalidating  the 
former  theory,  only  proves,  that  in  thefe  combi- 
nations, more  fire  is  difengaged  than  is  neqeflary 
5  the  fixed  air,  which  is  cljearly  proved 
;  that  the  quantity  of  heat  may ,  be  in- 
iiminifhed  at  pleafure,  according  as  the 
F  fixed  air  in  the  alkali  is  increafed  or 
:  volatile  alkali  alone,,  fully  faturated 
ur,  producfiaxold  infiead  0/  hfiU,  when 
I  the 
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the  air  is  difen^gcd  therefrom^     Mr.  La^oiiii 
has  made  a  great  many  very  fatisfa<5tory  expenmentl 
€n  this  head. 

Of  the  Col©  froducect  by  Evaforath)n. 

You  have  feen  that  evaporation,  though  pnv ' 
duced  by  fire,  is  a  caufc  of  cold  ;  it  is  indeed  th^ 
f)rincipal  means  ufed  in  the  procefles  of  nature  for  I 
regulating  the  temperature  of  the  earth.  To  un- 
dcrftand  it*s  operations,  and  have  a  proper  idei 
of  this  procefs,  I  IhftH  Ihew  you  fome  very  curi-* 
Aus  experiments,  and  relate  others;  pointing  out, 
at  the  fame  time,  fuch  aj^lications  of  this  general 
phenomenon,  as  cannot  £ul  to  render  k  highly  in- 
terefting. 

Take  this  thermometer  filled  with  water,  and 
plunge  the  ball  in  water,  letting  it  remain  there  tilt 
it  is  of  the  feme  temperature ;  then  take  it  out,  and 
agitate  it  in  the  air,  the  water  on  the  furface  of  the 
ball  evaporates,  and  you  fee  that  in  the  thermo- 
Imeter  falls :  by  repeating  this  operation  a  number 
iof  times,  you  may  even  freeze  the  water  in  the 
balk 

If  you  wrap  the  ball  of  a  thermometer  with 
line  linen^  and  keep  this  moift  by  fprinkling  it 
With  ether,  and  then  agitate  or  move  it  brilkly  ift 
the  air,    the    thermometer  will  defccnd  to  b*. 
Spirits  of  wine,  ether,  and  many  other  fluids,  pnv 
duce  a  greater  degree  of  cold  than  water;  probably 
In  conftquence  of  their  being  more  cvaporablc. 
'The  degree  of  cold  produced  b/  evaporation^  de- 
pends prbbably  on  the  velocity  with  whichit te 
accompiliihed. 
liation  of  wkter  < 
•partly '^on  the  pi 
the  current  of  ai 
^rtly  on  the  dF 

From  ^he 
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Isd^  »..  That  a  thwmomcter,  taken  out  of  water, 
md  expofcd  to  the  air,  always  defcends,  even  when 
'ix^s  temperature  is  equal  or  fuperior  to  that  of  the 
water.'  2^  That  Tt  afterwards  rifes  till  it  has  at- 
tainecl  the  icpaperature  of  the  atmofphere.  3.  That 
che  time  of  defcending  is  left  than  that  which  it 
employs  to  rife  again.  4.  That  when  the  thermo- 
meter, withdrawn  from  the  water,  hasarifen  to  the 
cominon  temperature,  it's  bulb  is  dry ;  but  that  it 
continues  wet  during  the  whole  time  of  it's  (landing 
beneath  thit  common  temperature. 

The  experiments  of  Dr.  CuUen  Ihew  us,  i .  That, 
a  thermometer^  fufpended  in  the  receiver  of  an 
air-pump,  defcends  two  or  three  degrees  during 
exhauilion,  and  afterwards  rifes  to  the  temperature 
in  the  vacuum  of  air.     2.  A  thermometer  pluhgec^' 
in  alcohot  in  the  receiver  of  the  air-pump,  always 
defcend$ ;  and  that  lower  in  proportion  as  the  bub- 
bles arc  ftronger  which  iffue  from  the  alcohol.     If 
it  be  taken  out  of  the  liquor,  and  fufpended  wet  in 
the  receiver,  it  falls  8  or  10  degrees,  while  the  air 
i»  pumping  out.    Dr.   CuUen  placed  fome  very 
volatile  liquors  under  the  receiver  of  an  air-pump ; 
one  of  thefe  was  ether ;  it  was  contained  in  aglafs^^ 
in  whicl)  there  was  alfo  fome  water ;  when  the  air 
was  extradted,  the  ether  began  to  boil,  and  to  be 
converted  inta  vapour,  till  it  became  fo  cold  under 
the  receiver,  that  it  froze  the  water  contained  ii\ 
the  veffel,  though  the  temperature  of  the  room 
was  about  50  degrees. 

You  may  freeze  water  at  any  time,  by  the 

evaporation  of  ether ;  for  this  ourpofe  you  IhoulcJ 

be  furniihcd  with  a  thin  glafs  tube,  to  hold  the 

his  in  my  hand,  and  a  bottle  of  ether 

lary  tube  fitted  to  the  neck :  I  ihall  keep 

)f  the  glafs  tube  wet  with  the  ether,  and 

evaporation  of  this  very  volatile  fluid 

onvert  the  water  into  ice»  and  this  it 

X  1  will 
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will  do  even  before  a  fire^  or  in  the  midft  of 
fumraer. 

We  may,  therefore,  lay  down  the  following 
circumflances,  as  the  moft  general  confequences 
that  arife  from  the.  experiments  made  On  evapo- 
ration: I.  That  if  a  thermometer  be  plunged  into 
any  evaporable  fluid,  and  immediately  taken  out 
again,  it  will  defcend  feveral  degrees  while  the 
bulb  is  drying ;  as  foon  as  the  fluid  is  all  evapo- 
rated, it  will  begin  to  rife,  and  continue  to  do  fo 
until  it  has  acquired  the  temperature  of  the  fur- 
rounding  air.  2.  That  the  cold  produced  is  greater 
in  proportion  as  the  fluid  is  more  evaporable;  the 
bulb  of  a  thermometer,  moifl:ened  with  water,  does 
not  defcend  fo  rapidly  as  one  wetted  with  fpirit  of 
wine ;  and  this  lefs  fo  than  one  moiftened  with 
ether.  3.  If  the  evaporation  is  accelerated  by  any 
means,  excepting  by  heat,  there  will  be  a  propor- 
tionable augmentation  of  cold,  fo  that  evaporation 
is  not  only  produdive  of  cold,  but  the  degree  of 
cold  depends  alfo  on  the  rapidity  of  the  evaporation. 
4.  That  by  continuing  to  wet  the  bulb  as  faft  as 
it  dries,  the  cold  continues  to  be  increafed,  becaufc 
the  producing  caufe  continues  it*s  aftion. 

Sailors,  in  calm  weather,  often  hold  up  a  wet 
finger  in  the  air,  and  if  one  fide  of  it  becomes, 
in  drying,  colder  than  another,  they  cxpedt  wind 
from  that  quarter.  This  cuftom  is  not  without  it's 
foundation,  for  an  almofl:  infcnfible  motion  in  the 
air,  will  evaporate  the  water  from  one  fide  of  the 
finger  fooner  than  from  another,  and  thus  prpduce 
cold.  By  a  fimilar  experiment,  you  may  experi- 
ence the  cold  produced  by  evaporation ;  wet  your 
finger  by  putting  it  in  your  mouth,  and  then  hold 
ijt  up  in  the  air,  and  you  will  find  it  grow  cold  as 
the  moifturc  evaporates. 

Though  this  property  of  producing  cold  by 
evaporation  has  been  but  lately  obferved  by  chc- 

mifts. 
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mifts,  yet  it  has  hten  long  employed  by  thofe  who 

knew  nothing  of  the  opeiation.     It  has  been  ob- 

fcrved  at  Aleppo,  in  Syria,  that  the  water  in  their 

jars  is  always  the  cooleft  when  the  weather  is  the 

warmcft,  and  the  power  of  the  fun  excelfive.     The 

heats  in  that  part  of  the  world  are  fometimes  aU 

moft  intolerable,  and  at  that  time  the  evaporation 

from  the  outfide  of  the  jars,  which  arc  made  of 

porous  earth,  is  very  copious,  and  the  cold  within 

is  in  proportion  to  the  quantity  of  water  evaporated 

from  without.     Kaempfer  relates,  that  the  winds 

are  fo  fcorching  on  the  borders  of  the  Perfiangulph^ 

that  travellers  are  fuddenly  fufFocated,  unlefs  they 

cover  their  heads  with  a  wet  cloth  ;  if  this  be  too 

wet,    they  immediately  feel  an  intolerable  cold, 

which  would  become  fatal  if  the  moifture  was  not 

Ipeedily  diflipated  by  the  heat* 

Mr.  Swinburne  fays,  they  hav6  a  kind  of 
earthen  jar  in  fome  parts  of  Spain,  called  tuxaros, 
which  are  only  half  baked,  the  earth  of  which  is  (b 
porous,  that  the  outfide  is  kept  moift  by  the  water 
that  filters  through  it,  and  though  placed  in  the 
fun,  the  water  in  the  pots  remains  as  cold  as  ice. 
The  blacks  at  Semigambia  have  a  fimilar  method 
of  cooling  water;  they  fill  tanned  leather  bags 
with  it,  and  hang  them  up  in  the  fun ;  the  water 
oozes  more  or  lefs  through  the  leather,  fo  as  to 
keep  the  outward  furface  wet,  which,  by  it's  quick 
5md  continued  evaporation,  cools  the  water. 

The  manner  of  making  ice  in  the  Eaft  Indies 
depends  on  the  fame  principle^  that  of  producing 
cold  by  evaporation.  The  ice  makers  dig  pits  about 
30  feet  fquare,  and  2  deep,  on  large  open  plains : 
they  ftrew  the  bottoms  of  thefe  pits,  to  the  thick- 
ncfs  of  about  8  inches  or  a  foot,  with  fugar  canes, 
or  with  the  dried  ftems  of  India  corn  :  upon  thii 
bed  tKey  place  a  number  of  unglazed  pans,  which 
arc  made  of  fo  porous  an  earth,  that  the  water  pene-^ 

X  4  tratcs 
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trates  through  their  whole  fubftance :  thcfc  pans^ 
which  are  about  a  quarter  of  an  inch  thick^  and  a 
quarter  deep,  are  filled  towan)$  the  dufk  of  the 
evening,  in  the  winter  feafon,  with  water  which 
has  been  boiled,  and  then  left  in  that  fituation  till 
morning,  when  more  or  Icfs  ice  is  found  m  them 
according  to  the  temperature  of  the  air;  thef  e  being 
more  formed  in  ^ry  and  warm  weather,  than  in  "that 
which  is  cloudy,  though  it  may  be  colder  fp  the 
human  body.-^  Every  thing  in  this  procefs  is  calcu- 
lated to  produce  cold  by  evaporation ;  the  beds,  on 
wbich  the  pans  are  placed,  fufFcr  the  air  to  have 
1^  free  piafiage  to  their  bottoms,  and  the  pans,  ii^ 
Gonftantly  oozing  out  water  to  their  extenial  fur- 
face,  will  be  cooled  by  the  evaporation.     *     *  '     ' 

Cellars  and  fubterraneous  vaults,  at  a  certain 
depth,  are  commonly  dry  in  winter,  and  very  wet 
in  fummer.  In  fummer,  the  air  is  hotter  than  the 
interior  of  the  earth ;  and  fire  which  always  tends 
to  an  equilibrium,  defcends  into  the  upper  ftrata 
of  the  earth,  with  the  water  it  bears :  it  depofits 
this  water  in  thefc  ftrata  fucceflively,  in  proportion 
as  it  penetrates  and  finds  them  colder  ;  thus  they 
becopnc  loaded  with  humidity  to  a  certain  depth, 
and  retain  it,  until  by  a  change  in  the  atmofphere, 
which  the  cold  brings  with  it,  the  fire  returns  from 
the  earth  to  the  air,  and  gradually  carries  away  with 
it  the  water  it  had  depofited  during  the  fummer. 

That  fire  effedls  evaporation  with  great  energy, 
when  not  reftrained  by  the  air,  is  evident  front  the 
following  fad  :  in  the  upper  part  of  barometers, 
well  purified  from  air,  and  expofcd  to  confiderablc 
changes  of  temperature,  as  for  example,  at  a 
window  upon  which  the  fun  Ihines,  you  will  fee 
the  mercury  raifed,  and  depofited  in  little  drops  on 
the  empty  part  of  the  tube  :  thefe  drops  gradually 
increafe,  and  at  length  fall  back  by  their  weight. 
This  is  a  real  diftillation,  which  takes  place  in  the 

•   '  "  ordinary 
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ordinary  temperature  of  the  atmofphcrc ;  the  fire,, 
although  in  this  inftance  of  very  inconfiderable 
denfity,  raifes  the  mercury,  which  is  nearly  14 
times  heavier  than  water,  and  carries  it,  at  leaft,  to 
the  height  of  2  inches,  and  depoiits  it  on  f  hp  coldeft 
fide  of  the  glafs,  where  it  has  the  gre^tell  tendency 
to  traverfe  it.  This  is  one  among  many  pheno-. 
ipena  which  (hews  that  evaporation  does  i>ot  arife 
from  any  diflbiving  power  in  the  air ;  for  in  this 
cafe  the  air  was  excluded,  but  is  to  be  afcribed 
folely  to  the  agency  of  fire. 

It  is  on  thefe  principles  that  the  air  over  a  woo^ 
or  foreft,  is  made  colder  by  the  evaporation  from 
trees  and  Ihrubs.  Thus  plants  are  kept  in  a  more 
moderate  air,  and  fecured  from  the  burning  heat  of 
the  fun,  by  the  vapour  perfpired  from  their  owa 
leavesf;  and  hence  the  Ihade  formed  by  vegetable  bo- 
dies, is  more  efFeftual  to  cool  us,  as  well  as  more 
agreeable  in  itfelf,  than  the  fliade  of  rocks  and 
iMiildings. 

\Vhen  the  human  body  is  moft  heated,  the 
vapour  pafles  off  at  the  Ikin  by  perfpiration.  If 
the  pores  arc  clofed,  what  ftiould  evaporate  is 
reverberated,  and  works  inwardly  upon  the  body^ 
like  the  fteam  confined  in  Papin's  digefter,  and  the 
blood  rifes  far  above  it's  due  heat  into  a  fever,  as 
Water  in  (hat  veffel  rifes  far  above  the  heat  of  boil- 
ing: thus  numbers  of  labouring  people  fupport 
themfelves  in  the  height  of  fummer,  by  virtue  of  a 
copious  perfpiration,  which  they  replenilh  by  drink- 
ing plentifully;  ihc  liquor  is  carried  off  by  perfpl-^ 
ption,  and  the  body  is  kept  cool  by  the  fire  which 
the  evaporation  of  the  fweat  carries  off.  The  work- 
men employed  in  glafs  houfes,  founderies,  &c.  often 
)ive  in  a  medium  hotter  than  their  bodies,  the  na- 
tural temperature  of  which  is  equalized  and  mode- 
rated by  perfpiration. 

Tluis  h^  Providence  coQtrived  to  render  the 
••  heat 


Digitized  by  CjOOQLC 


3^14      Lectures  on  Natural  Philosophy. 

heat  of  the  torrid  zone  Icfs  infupportable  to  the  in- 
habitants. An  intcnfe  heat  bathes  the  body  in 
fweat;  but  the  fweat  being  evaporated,  carries 
M^ith  it  a  large  portion  of  the  fire  by  which  it  was 
occafioned,  and  thus  cools  the  body.  If  evapo- 
ration be  increafed  by  agitation  of  the  air,  the 
refrigeration  is  greater;  hence  the  ufe  of  fans  and 
ventilators,  which,  though  intended  to  give  motion 
to  warm  air,  cool  likewife,  by  facilitating  and  fa- 
vouring evaporation.  Warm  and  dry  air  is  beft 
fuited  to  form  a  refrefhing  current,  becaufe  it  is 
more  calculated  to  carry  off  humidity :  from  hence 
aMb  we  may  fee  the  neceflity  of  frequently  renew- 
ing the  current  of  air  to  preferve  the  coolnefs  of 
our  apartments. 

Thefe  principles,  fays  M.  Chaptal,  have  alfo 
a  nearer  relation  to  medicine  than  is  generally  fup- 
pofed.  Mod  fev^ris  end  in  perfpiration,  which, 
bcfide  the  advantage  of  expelling  the  morbific 
matter,  pofleffes  that  of  carrying  off  fire,  and  thus 
reftoring  the  body  to  it's  common  temperature. 
ITie  phyfician,  who  is  defirous  of  moderating  the 
cxcefs  of  heat  in  the  body  of  a  patient,  ought  to 
maintain  the  air  in  that  difpofition  which  is  ijioft 
fuitablc  to  his  views. 

May  not  thefe  principles  account  for  the  cffeft 
of  feme  medicines  ?  The  ufe  of  volatile  alkali  is 
univerfally  acknowledged  in  burns,  the  tooth-ache, 
Stc.  May  not  thefe  effects  be  attributed  to  the 
volatility  of  this  fubftance,  which  by  combining 
with,  and  carrying  off  fire,  leaves  an  impreflion  of 
cold?  May  not  alfo  the  effed  of  ether,  which  is 
a  fovcreign  remedy  for  the  cholic,  depend  on  the 
limie  principles  ? 

Mofl:  of  the  phenomena  of  evaporation  are 
ronveniently  and  elegantly  feen  in  thefe  glafs  tubes, 
(f.;s.  7,  j^ldie  5,)  with  hollow  balls  at  their  extre* 
niicies;  the  b;;Us  freed  from  air,  and  half  filled 
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ith  water  or  fpirit  of  wine.  If  you  lay  hold  of 
each  ball  at  the  fame  time,  you  will  fee  no  ebul- 
lition in  either ;  but  if  you  only  lay  hold  of  one, 
it  will  be  warmed  by  ihe  hand,  while  the  other  re^ 
mains  cold,  and  the  water  will  immediately  fly 
from  the  one  which  is  warmed,  and  rife  into  the 
other  which  remains  of  the  fame  temperature. 
When  the  water  is  all  gone  into  the  ball  furtheft 
from  your  hand,  you  fee  it  begins  to  boil,  and  this 
ebullition  will  laft  a  long  time,  provided  ybu  keep 
your  hand  on  the  empty  ball. 

Thefe  phenomena  are  eafily  explained  from 
what  has  been  already  Ihewn  you ;  the  fire  pafling 
from  the  hand  into  the  glafs,  converts  into  vapour 
the  thin  coating  of  moifture  which  lines  the  ball ; 
but  when  the  balls  are  equally  warmed,  thepreffure 
being  equal  on  both  fides,  the  vapour  cannot  adt 
and  develope  it's  properties.     When  one  only  of 
the  balls  is  heated,  the  vapour  is  formed  in  great 
abundance,  and  forces  the  water  into  the  other ; 
the  fire  at  the  fame  time  pafling  through,  occafioni 
the  ebullition  in  the  other,  by  forcing  up  the  vapour 
it  raifes  through  the  water  into  the  other  ball ;  the 
yapour  arifing  from  thi^,  parts  again  with  it's  fire 
againftthe  cooler  fides  of  the  glafs.     You  may  be 
eafily  convinced,  that  this  ebullition  is  occafioned 
by  the  vapour  raifed  by  the  heat  of  the  hand,  from 
the  humidity  which  coats  the  ball ;  for  if  you  grafp 
thi3  ball  in  the  hand,  keeping  it  in  fuch  a  pofition 
that  the  water  cannot  enter   it  again,    the  fides 
thereof  will  foon  become  quite  dry,  and  the  ebul- 
lition will  entirely  ceafe :  but  if  you  moiften  the 
inlKle  of  the  ball  with  a  drop  of  water,  the  ebul- 
lition will  immediately  commence. 

Another  remarkable  phenomenon  that  this  little 
inftrument  prefents  to  your  attention,  and  which 
you  muft  already  have  obferved,  is  this ;  that  as 
long  as  there  is  any  moifture  in  the  infide  of  the 
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ball  to  be  changed  into  vapour,  the  hand  feels  « 
cool  fenfation,  dthough  it  is  clofely  grafped  there- 
by, all  the  fire  that  proceeds  from  the  hand  being 
combined  with  the  wj^ter,  to  change  it  into  an 
claftic  vapouf  5  but  the  inftant  the  ebullition  and 
.evaporation  ceafes,  the  bail  becomes  warm. 

'  ypu  may  demonftrate  with  this  inftrument,  in 
another  manner,  phe  cold  produced  by  evaporation; 
for  this  purpofe,  hold  the  middle  of  the  tube  in 
the  hand,  ^nd  in  an  horizontal  pofition,  the  bub- 
bles being  uppermoft,  and  containing  nearly  the 
fame  quantity  of  water  in  each.  Now  wafh  one  of 
them  two  of  three  times  with  a  hair  pencil  that 
has  been  dipt  in  fpirit  of  wine  or  ether,  and  you 
will  fee  all  the  water  pafs  into  the  moiftened  ball, 
and  begin  to  boiji  yv^ith  force ;  the  reafon  of  this 
phenomenoi^  i9  very  plain,  the  evaporation  from 
the  moiftencd  ball  has  carried  off  part  of  the  fire 
contained  therein ;  the  yapouf  in  this  ball  lofing 
it's  fire,  and  being  thereby  cc^ndenfed,  does  not 
ad:  againft  that  in  the  other  b^ll,  which  preflTcs  the 
water,  and  this  occafion^  the  ebullition. 

Here  is  one  of  thefe  inftruments,  (fig,  9,  jp/.  5,) 
fixed  upon  an  axis  with  the  balls  upwards^  §jid  a 
board  facing  them,  in  which  are  two  ho}e^,  fo 
placed  as  to  correspond  with  either  of  the  balls 
when  it  preponderates :  place  this  before  the  fire, 
and  the  vapour  from  the  water  in  tfic  low^f  ball 
will  foon  force  out  the  liquoj:  in  this  ball,  which 
afcending  into  the  other,  it  becomes  the  hcs^vjcft, 
and  falls  down,  and  being  then  oppofite  to  fhc 
hole  facing  the  fire,  a  portion  of  the  water  therein 
will  be  rarified,  and  force  the  reft  into  the  other 
ball  which  will  again  defcend.  It  is  not  imprbbi-r 
ble,  fays  Dr.  Franklin,  that  this  power  of  eafily  mo* 
ving  water  from  one  end  to  the  other  of  a  moveable 
V)eam,  by  a  fmall  degree  of  heat,  may  hereafter  be 
applied  advantageouflytofome  mechanical  purpofes. 

Or 
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The  expcfiincncs  we  have  made  with  ouf 
ftnall  glafs  apparatus,  have  prepared  us  for  the  con- 
fideration  of  that  fpccies  of  vapour  which  rifes  with 
very  little  heat,,  and  is  in  general  imperceptible : 
as  this  evaporation  is  perfectly  quiet,  it  evidently 
proceeds  from  the  furface  only,  and  is  therefora 
proportionably  greater  as  the  furface  is  cnlai^ged* 
Equal  quantities  of  water  being  put  into  two  un- 
equal veflels,  the  one  broad  and  (hallow,  the 
other  narrow  and  deep,  the  former  will  exhala 
inuch  more  abundantly  than  the  latter. 

It  has  long  been  thought  that  the  air  difTolves 
the  water,  and  thus  occaiions  this  evaporation  i 
but  this  opinion  does  not  feem  well  founded  ^  the 
contrary  has  indeed  been  already  proved.  There 
certainly  is  z  conftant  flow  evaporation  from  fluids 
expofed  to  free  air;  yet  it  is  evident  that  fire  is  the. 
principal  agent  concerned  in  this  evaporation,  from 
the  refrigeration  which  always  accompanies  the 
procefs.  To  fuppofe  that  air  ads  upon  water  as  a 
menftruum  or  folven^  brings  us  only  to  the  fame 
conclullon ;  for  how  do  folvents  a<EI  ?  Not  by  any 
occult  virtue  in  the  folvents  themfelves,  nor  in  the 
matter  they  adl  upon ;  but  on  fomething  adven<« 
titious  to  both. 

Water  xlillblves  fait  as  a  menflruum ;  but  only 
imder  certain  conditions,  which  proves  that  the 
power  is  not  altogether  in  the  water,  but  in  fome- 
thing elfe.  Hot  water  will  receive  and  retain  many 
more  of  the  faline  particles,  than  water  which  is 
cold  and  lukewarm ;  and  when  with  a  certain  de*' 
'  gree  of  cold  water  becomes  fixed  into  ice^  it  lofe^ 
it's  mobility^  and  can  difiblve  nothing. 

Further,  as  all  motion  is  in  the  direilion  ofit*s 

0aH/e,  wherefoever  you  iec  a  body  move  in  any 

3 '  diredion^ 
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diredion,  you  may  fafely  affirm,  that  there  is  a 
caufe  afting  in  that  diredion.  But  if  you  fuppofe 
air  to  adl  as  a  menftruum  on  water,  by  the  power 
of  attradioh,  you  muft  luppofe  it  to  aft  downwards, 
and  draw  water  upwards,  which  is  contrary  to  the 
laws  of  motion ;  all  motion  being  in  the  diredion 
of  the  movirfg  cau/e :  you  muft  therefore  refolvcthc 
afcent  of  vapour  into  impulfe^  into  the  agency  of  a 
caufe  which  diffufes  itfelf  every  way,  and  ads  in 
all  diredions.  When  vapour  rifes  from  the  furface 
of  an  heated  fluid,  all  is  conliftent  and  rational;  the 
fire  goes  off  the  fame  way,  and  fo  the  caufe  and 
cffed  are  in  one  diredion  ;  and  therefore  if  wc 
would  be  confiftent,  we  muft  reduce  other  cafes 
to  this,  and  argue  that  all  gentle  and  flower  ope- 
rations are  on  the  fame  principle  as  where  the 
operation  is  quicker,  as  the  caufe  is  more  violent. 

Fire,  which  is  the  great  caufe  of  folution,  is 
alfo  the  caufe  of  fpontaneous  eVap'^ration.  The 
earth  and  fea  perfpire,  when  they  arc  heated  like 
the  human  body ;  and  no  one  ever  yet  fuppofed 
that  pcrfpiration  was  owing  to  the  air  that  fur- 
rounds  the  flcinof  an  animal;  although  this  vapour, 
like  that  of  the  rivers  and  fea,  goes  off  into  the 
atmofphere,  it  is  not  the  air  ivifbout,  but  the  fire 
'zvilbprj  that  is  the  caufe ;  the  air  only  receives  it, 
and  may  do  this  more  or  lefs,  according  to  the  ftate 
it  is  in  with  refpeil  to  cold  or  heat,  rarity  or  den- 
fity.  If  this  reafoning  wanted  further  confirmation, 
you  may  have  recourfc  to  the  experiments  you  have 
already  made,  which  prove  that  evaporation  is 
produced  in  greater  quantities  in  vacuo  than  in 
open  air;  whereas  orrthe  opinion  of  folution,  no 
fuch  cffed  fliould  take  place,  as  the  folvend  cannot 
be  diflx)l  ved  without  the  prefence  of  the  rrienftruum. 

Spontaneous  evaporation  is  much  afliftedby 
mechanical  motion.  The  ground,  when  wetted 
with  rain,  diies  very  faft,  if  there  is  a  brifl;  wind, 

by 
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by  wTiich  the  parts  of  the  water  are  abraded  and 
carried  into  the  atmofphere :  as  water,  when  agi- 
tated, will  take  up  the  parts  of  earth  or  mud  from 
the  bottom,  and  keep  them  afunder  as  long  as  the 
agitation  continues,  though  the  earth  would  have 
remained  at  the  bottom  as  a  fediment,  and  the 
water  would  have  been  tranfparent,  if  it  had  been 
undifturbed. 

There  are  many  operations  carrying  on  in  the 
order  of  Providence,  which,  though  they  efcape 
the  common  obfervation  of  our  fenfes,  excite  our 
aftonilhment,  when  once  difcovered.     One  inftancc 
of  this    kind  we  have  in  the  water  which  is  raifed 
into  the  atmofphere  from  the  furface  of  the  earth. 
Would  you  have  conjectured  that  an  acre  of  ground, 
after  having  been  parched  by  the  heat  of  the  fun  in 
fummer,  difperfed  into  the  air  above  1600  gallons 
of  water  in  the  fpace  of  twelve  of  the  hotteft  hours 
of  the  day  ?      The  experiments  from  which  this 
fad:  was  deduced  by  Dr.  Watjon^  Bijhop  of  Lan- 
daff,   are  fo  eafy,  that  you  may  eafily  fatisfy  your- 
felf  with  the  truth  of  the  conclufion.     He  put  a 
large    drinking  glafs  with  it's  mouth  downwards 
upon  a  grafs  plat  which  was  mowed  clofe,  at  a 
time  when  there  had  been  no  rain  for  above  a  month, 
and  the  grafs  was  become  brown ;  in  lefs  than  two 
minutes  the  infide  of  the  glafs  was  clouded  with 
vapour,  in  half  an  hour  drops  of  water  began  to 
trickle  down  it's  inlide  in  various  places.     The  ex- 
periment was  repeated  feveral  times  with  the  fame 
fuccefs. 

To  eftimate  the  quantity  thus  raifed  in  any 
certain  portion  of  time,  the  bifhop  meafurcd  the 
area  of  the  mouth  of  the  glafs,  and  found  it  to  be 
20  fquare  inches :  there  are  1296  fquare  inches  in  a 
fquare  yard,  and  4840  fquare  yards  inanacre;  there- 
fore by  meafuring  the  quantity  of  vapour  raifed  from 
ifquare  inches  of  ground  in  one  quarter  of  an 

2  hour» 
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hour.  It  will  be  eatfy  to  calculate  the  quantity  whicn 
tvould  be  raifed  with  the  fame  degree  of  hcat^ 
from  an  acre  of  grourid  in  li  hours.  When  the 
glafs  had  ftood  on  the  grafs  plat  one  quairter  of  an 
'hour,  and  had  collcdted  a  qujtntity  of  vapour,  he 
iviped  the  infide  with  a  piece  of  mullin^  whole 
weight  had  been  previdully  afcertained  ;  as  foon  asf 
the  glafs  was  wiped  dryi  the  muflin  was  weighed 
again,  the  increafc  of  weight  fhewed  the  quantity 
01  vapour  which  had  been  colleded;  the  medium 
increafe  of  weight  from  fevcral  experihients  made 
in  thfc  fame  day  between  12  and  3  o*clock,  was 
6  grains  coUedted  in  orte  quabter  of  an  hour,  from 
20  fquare  inches  of  earths  If  yo>u  take  the  trouble 
of  making  the  calculations,  you  will  find  that  abdVe 
1600  gallons  (i-eckoriing  8  pints  to  the  gallon,  and 
eftimating  the  weight  of  a  pint  of  water  at  one 
pound  avoirdupoize^  or  ydoo  grains  troy  weight,) 
would  be  raifed  at  the  rate  here  rricntioned  from 
an*  acre  of  ground  in  1 2  hours*  Repeating  the  ex- 
periment after  a  thunder  fliOwer,  he  found  that  ah 
acre  parted  with  above  1900  gallons  of  water  in  I3 
heurs. 

This  evaporation  is  carried  not  only  from  the 
ground  itfelf>  but  from  the  leaves  of  trees,  gn&, 
&c*  with  which  it  is  covered ;  and  great  part  of 
the  water  thus  raifed,  falls  down  again  in  dew  in 
the  night-time,  being  abforbed  by  the  fame  vege- 
tables which  yielded  it  before.  Thus  the  earth  is 
cot  fo  foon  exhaufted  of  moifture,  even  for  a  little 
way  below  the  furface  of  the  earth,  as  we  might 
be  apt  to  imagine,  from  the  quantities  raifed  by 
evaporation^  Perhaps  alfo,  one  great  ufe  of  marlirt 
and  manures,  may  be  to  render  the  foil  on  which 
they  are  put,  le(s  liable  to  be  deprived  of  it's 
moifture  in  fummcr.  There  are  many  fandy  and 
lime-ftonc  foils  which  are  covered  all  over  with 
fiinuorlizae-ilone  j^blcs;  the  cxopofcom  wouM 
^  probably 
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probably  be  lefs,  if  thefe  ftones  were  removed  $ 
for  they  are  ferviceable,  not  only  in  (heltering  the 
germs  of  the  plant,  but  in  impeding  the  efcape  of 
moiflure  from  the  earth. 

Whether  a  merely  moift  foil  be  unwholefome, 
may  be  much  doubted  ;  but  that  moifture  arifing 
from  earth  or  water  in  a  ftate  of  putrifadtion,  is  fo, 
cannot  well  be  doubted.  The  overflowing  of  the 
Nile  puts  a  flop  to  the  plague,  probably  as  it  puts 
a  flop  to  the  putrifadlion  of  the  canals  at  Great 
Cairo  and  other  places.  Agues  and  putrid  fevers 
are  much  more  frequent  in  the  fens  of  Cambridge^ 
Jhire  and  Lincoln/hire  in  veiy  dry  than  in  wet  years. 
The  Irijh,  who  come  annually  to  reap  the  harveft 
in  thefe  fens,  are  fo  fenfible  of  the  difference,  that 
when  there  have  been  three  or  four  dry  feafons  to- 
gether, they  enter  upon  their  taflc  with  reludlance, 
apprehending  what  they  call  the  fen^Jhake.  In 
1748,  the  States  of  Holland  laid'the  country  around 
Breda  under  water,  to  be  kept  up  till  the  winter, 
to  ftop  a  ficknefs,  which  had  arifen  from  the  moift 
and  putrid  exhalations  of  half-drained  grounds. 

Upon  the  theory  of  fpontaneous  evaporation, 
many  of  the  common  appearances  in  nature  are  ex- 
plained. When  you  bring  a  cold  veffel  into  a  warm 
room;  particularly  where  many  people  are  affem- 
bled,  the  outfide  will  foon  be  covered  with  a  fort 
of  dew :  the  reafon  is  obvious ;  the  air  is  filled 
with  vapour,  particularly  from  the  lungs;  this 
meeting  with  the  cold  veffel  is  condenfed,  the  fire 
enters  to  reftore  the  equilibrium,  and  quitting  the 
vapour,  this  is  depofited  in  it's  fluid  ftate  on  the 
outfide  of  the  veffel.  During  a  courfe  of  cold 
weather,  the  ftone  pavements,  the  walls  of  a  houfe, 
and  other  folid  objedls,  are  deprived  of.  a  part  of 
their  fire;  on  a  change  of  weather,  when  the 
wamier  air  enters  the  houfe,  the  fire  enters  theft 
bodies  to  reduce  them  to  the  general  t^jnperature. 
Vol.  I.  Y  and 
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and  depofits  the  vapour  on  the  furface  in  it's  paT- 
fage.  In  a  frofty  night,  when  the  air  abroad  is 
colder  than  the  air  within,  the  dampncfs  of  the 
internal  air  fettles  on  the  glafs  panes  of  the  windows, 
and  is  frozen  within-fide  in  beautiful  forms. 


Of   THff  Absorption  of   Fire  by  Coloured 
Substances. 

You  have  feen  that  the  various  methods  made 
ufe  of  for  the  admeafurement  of  heat,  are  founded 
on  the  general  principle,  that  different  fubftances 
abforb  fire  in  greater  or  lefs  quantities ;  this 
will  be  further  illuftrated  by  a  few  plain  fads, 
which  I  am  now  going  to  relate  to  you.  In  the 
reception  of  heat  from  the  rays  of  the  fun,  much 
depends  on  the  furface  of  bodies ;  thofe  that  reflcft 
much  light  imbibe  heat  flowly,  fo  that  the  fame 
body,  when  polifhcd,  is  heated  with  more  diffi- 
culty than  when  it  is  rough :  but  the  greateft  dif- 
ftrence  arifcs  from  the  colour  of  the  furface ;  this 
was  firft  pointed  out  by  Boyle,  and  fince  by  Dr. 
Franklin, 

It  is   the  property  of  white  bodies  to  reflcdl 

light,   and  of  black  ones  to  admit  or  abforb  it; 

therefore  black  bodies  grow  hot  in  the  fame  fitu- 

ation  where  white  ones  are  but  little  atFe6lcd.    To 

illuftrate  this.  Dr.  FnDiklin  placed  on  the  furface 

^  fnow  feveral  pieces  of  cloth  of  the  fame  texture, 

:  of  different  colours,  fo  as  to  be  expofed  to-the 

s  of  the  fun ;  in  a  few  hours  the  black  cloth  was 

ied  in  the  fnow,  while  the  white  remained  on 

furface. 

M.  de  SaufTure  relates,  that  thepeafants  of  the 
un  tains  of  S  w  itzerl  and  are  careful  toTorcad  a  black 
th  over  the  furface  of  grounds  cr  ^'^iw, 

en  they  are  dclirous  of  melting  i 
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White  cloaths^  whatever  be  their  fubftancej  arc 
always  cooler,  when  expofcd  to  the  fun,  than  black, 
of  the  fame  texture.     If  the  wall  at  the  back  of  a 
fruit  tree  be  painted  partly  white  and  partly  black, 
the  fruit  on  the  black  part  will  be  forwarder  than 
the  other.     Denfe  bodies  have  alfo  an  advantage 
over  rare  ones ;  lead^  painted  black,   will  receive 
more  fire  from  the  fun,  and  be  hotter  than  wood  of 
the  fame  colour.     The  difference  occafioned   by 
colours  of  the  fame  fuSftance  is  greater  than  would 
be  expected,  as  you  may  eafily  afcertain,  by  ob- 
ferving  ^he  height  to  which  a  thermometer,  with 
a  blackened  ball,  will  rife,  when  compared  with 
one  whofe  ball  is  of  clear  glafs ;   when  thefe  are 
expofed  to  the  fun,  the  difference  will  fometimes 
amount  to  10  degrees,  varying  with  the  brightnefs 
of  the  light,  and  clearncfs  of  the  air ;  when  ex- 
pofed to  ftrong  day-light,  the  thermometer  with 
the  blackened  ball  is  always  fomewhat  higher  than 
the  other.     Both  thermometers  being  placed  at 
about  two  inches  froni  a  lamp,  the  coloured  ther- 
mometer was  always  fomewhat  higher  than  the 
uncoloured  one ;  but  at  14  or  15  inches  diftanctf, 
the  difference  vanifhed. 

The  obfervation  that  different  colours  acquire 
different  degrees  of  heat,  has,  by  fome  French 
writers,  been  attributed  to  Dr.  Franklin ;  whatever 
merit  there  may  be  in  the  difcovery,  it  will  appear 
from  the  following  extrad,  that  Dr.  Franklin  has 
faid  nothing  on  the  fubjed:,  but  what  had  been 
previoufly  mentioned  by  the  great  Boerhaave.  In- 
deed every  one  who  wifhes  to  comprehend  the 
wonders  thatprefent  thcmfelves  in  a  natural  hiftory 

r,'  (hould  read  Boerhaave's  incomparable  dif- 
thereon.     In  Boerhaave  alfo,  we  find  a  man 
'as  fo  far  from  being  made  impious  by  phi- 
y,  or  vain  by  knowledge,  or  by  virtue,  that 
.  Y2  he 
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he  afcribed  all  his  abilities  to  the  bounty^  and  all    j 
his  virtues  to  the  goodnefs  of  God.  I 

**  If  fire,"  fays  he,  "  be  determined  by  the  fun  j 
on  the  blackelt  known  bodies,  it's  heat  will  be  ! 
lohg  retained  therein ;  hence  fuch  bodies  are  the  i 
fooncft,  and  the  moft  heated  by  the  fame  fire,  as  ! 
alfo  the  quickeft  dried,  after  having  been  moiilened  ; 
by  water ;  they  alfo  bum  much  the  readieft.  Let 
a  piece  ojf  cloth  be  hung  in  the  air,  expofed  to  the 
fun,  one  part  of  it  dyed  black,  another  part  white, 
another  fcarlet,  &c.  the  black  part  will  always  be 
found  to  be  the  hotteft,  artd  to  be  fo  fooncr  than 
the  others ;  the  white  acquires  heat  floweft,  the 
reft  in  proportion  as  their  colour  is  brighter  or 
weaker. 

"  This  was  well  known  to  the  nations  who  in- 
habit the  hotter  climates,  where  the  outer  garments^ 
if  of  a  white  colour,  are  found  to  preferve  the  body 
beft  from  the  heat  of  the  fun,  while  black  ones 
increafe  that  heat.  It  has  alfo  been  obferved  by 
the  makers  of  woollen  cloth,  that  if  at  the  fame 
time  and  place  they  hang  out  two  wet  pieces,  the 
one  black,  the  other  white,  the  former  will  fmoak 
and  dry  quickly,  but  the  latter  retains  it's  water 
longed ;  and  that  cloths  of  other  colour  dry  fo 
much  the  flower  as  their  colours  are  lighter. 

*'  It  has  alfo  been  long  ago  obferved,  that  all 

black  bodies  are  fooner  kindled  andfet  on  flame  by 

the  fame  fire,  thanthofe  of  any  other  colour.     The 

white  touch-wood  will  hardly  take  fire, 

s  if  fome  be  placed  on  a  black  coal,  and  a 

truck  upon  it,   the  duft  thereof  will  readily 

and  keep  up  the  fire.     If  a  piece  of  white 

)e  laid  in  the  focus  of  a  burning  glafs,  it  will 

ng  time  before  it  takes  fire ;   and  as  foon  as 

I,   quits  ifs  whitenefs,  turns   brown,    and 

ack  ;  immediately  after  which  it  burfts 
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in  flame:  whereas  if  a  piece  of  black  p^pcr  be  laid 
on  the  fame  focus,  it  immediately  take»  fire. 

**  A  black  foil  burns  the  feet,  but  fpares  the 
eyes  ;  walking  on  a  white  one  fcarce  warms  the 
feet,  but  is  troublefome  to  the  eyes :  the  fame  may 
be  obferved  with  regard  to  paintings  and  hangings. 
Hence  you  may  take  a  hint  for  making  proper 
(hades  to  keep  heat  from  the  body,  and  the  blaze 
of  light  from  the  eyes.  Thus,  covers  for  the  head 
white  on  the  outfide,  but  the  lower  brim  blacky 
afford  a  great  relief  to  the  head  in  a  fcorching 
fcafon."' 

By  confidering  thefe  fads,  we  may  account 
for  fome  phenomena  that  have  been  long  noticed^ 
namely,  that  the  higheft  parts  of  the  air  are  the 
coldeft,  and  the  contrary.   On  the  Alps,  Pyreneans, 
&c.  the  ice  and  fnow  rife  higher  than  the  clouds,  and 
feem  to  increafe:  this  Dr.  Black  accounts  for  in 
the  following  manner.     Though  the  fun  appears 
to  be  the  fource  of  heat  in  the  globe,  yet  it^s  rays 
do  not  heat  a  body  that  is  perfedly  tranfparent ; 
when  the  body  is  not  perfedlly  tranfparent,  and 
rcfleds  fome  few  of  the  rays,  it  is  fomewhat  heated, 
though  not  in  comparifon  with  an  opake  body ; 
hence  black  bodies  are  fooneft  heated.     If  a  burn- 
ing glafs  be  fo  placed  that  the  focus  falls  a  little 
below  the  furface  of  fome  tranfparent  water,    the 
water  will  not  be  heated :   if  you  plunge  a^ftick 
into  this  part  of  the  water,  the  interior  parts  will 
be  immediately  burnt  to  a  coal,  the  furrounding 
water  preferving  the  exterior  parts.     As  the  rays 
of  light  do  not  heat  tranfparent  bodies,  they  have 
little  cfFeil  upon  the  air ;  the  upper  part  is  more 
tranfparent  than  the  lower,  and  the  lower  parts 
receive  almoft  all  their  heat  in  a  fecondary  manner 
by  reflexion.     The  atmofphere  may  be  conlidered 
as  confifting  of  very  eccentric   layers,   the  lowed 
being  the  dcnfeft ;  they  are  rarified  a  little  by  heat, 

Y  3  but 
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but  arc  coinprefled  by  the  fupcrior  ftrata.  I  have 
before  obferved  to  you,  that  a  hot  body  placed  in 
vacuo  lofcs  it's  heat ;  the  heat  of  the  lower  ftrata 
is  therefore  preferved  by  the  compreflion  of  the 
fupcrior  air  on  the  furface  of  the  earth  where  it  is 
intended  to  aft.  The  coldnpfs  of  the  air  cond enfea 
the  vapours,  and  caufes  them  to  fall  in  (howers, 
upon  which  the  life  of  vegetables  depends.  You 
may  hence  perceive  the  ufe  of  planting  the  higher 
parts  of  a  country :  as  green-houfes,  made  of  gla&> 
receive  the  heat  tranfmitted  through  it,  but  con- 
fine the  air  in  them  when  heated,  fo  thefe  plan- 
tation$  prevent  the  lower  moid  ftrata  being  removed, 
which,  when  the  land  is  naked  and  expofed,  are 
quickly  carried  away  by  fcorching  winds. 

Of  Ignition. 

Bodies  in  certrfln  degrees  of  heat  appear  lu- 
minous. A  body  which  is  thus  rendered  luminous, 
is  faid  to  be  ignited,  and  the  eft'ed  itfelf  is  called 
ignition.  1^    . 

The  nature  of  the  connexion  between  light 
and  heat  we  have  not  yet  been  able  to  afcertain; 
they  are  both  effedls  of  fire,  efFedts,  however,  that 
may  be  fcparated ;  but  that  there  is  a  connedion 
is  manifeft ;  the  ftronger  the  light  is,  the  more 
intenfe  we  find  the  heat,  and  the  w  eaker  the  light, 
the  fainter  you  will  find  the  heat. 

The  degree  of  heat  in  which  bodies  begin  to 

be  luminous,  or  emit  light,    is  thought  to  be  fixed, 

not  only  in  rcfpeft  to  the  fame  body,  and  at  all 

times,    but  alfo  to  different  bodies.     Put  into  a 

e  a  number  of  different  fubftances  that  are 

\  of  bearing  a  red  heat,  apply  heat  properly 

,  and  you  will  find  that  they  all  begin  to  be 

us  at  the  fame  time,   and  as  the  heat  is  in- 

they  afTumc  a  deeper  or  a  fainter  colour. 
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Vc  have  indeed  no  ftandard  for  eftimating  the 
leginning  or  lowcft  degrees  of  ignition :  the  only 
^ndard  is  the  organ  of  lights  which  is  differently 
ffecfted  as  the  circumftances  differ;  befides,  wc 
rannot  be  fure  that  we  perceive  the  loweft  degrees 
>f  light,  for  we  know  that  other  animals  fee  ob- 
ledls  with  fuch  light  as  appears  perfect  darknefs  to 
us.  A  perfbn  coming  out  of  a  room  full  of  candles 
into  a  place  moderately  lighted,  will  think  it  quite 
dark ;  on  the  other  hand,  one  who  is  long  con* 
fined  to  a  dark  room,  will  find  his  eyes  dazzled  by 
a  weak  light. 

That  ignition  is  a  univerfal  effed  of  fire,  may, 
I  think,   be  fairly  concluded,  from  the  variety  of 
bodies  in  which  it  is  found  to  take  place;  for  al- 
though many  fubflances  have  never  been  rendered 
luminous,  yet  it  would  be  unphilofophical  to  fay- 
that  they  are  incapable  of  ignition,  bccaufe  the 
degree  of  fire  necelfary  to  ignite  them  is  more 
than  fufficient  to  convert  them  into  elaftic  vapour. 
Even  water,  which  in  it's  natural  flate  feems  very 
little  capable  of  enduring  fo  great  a  degree  of  heat, 
may,  with  the  afliflance  of  mechanical  preffure,  be 
rendered  fo  hot  as  to  melt  lead,  tin,  and  other  bo- 
dies, a  heat  not  much  inferior  to  the  lowefl  degreed 
of  ignition :  fteam  from  water  in  the  eolipile  is  faid 
to  have  been  ignited.     Dr.  Black  has  alio  feen  the- 
vapour  of  water  fo  heated,  by  being  thrown  into  the 
a(h-pit  of  a  furnace,  as  to  produce  in  rifing  through 
(he  vent  a  very  tr^nfparent  flame. 

Of  Combustion, 

Combuftion  is  an  cffcA  alfo  of  fire,  though 
not  quite  fo  univerfal  as  the  preceding :  it  is  not 
eafy  to  convey  an  accurate  idea  thereof  by  a  defini- 
tion,  as  it  is  a  colledlion  of  various  phenomena, 
^*^ch  take  place  in  the  operation  of  fire  on  in-) 

Y  4  flammable 
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flammable  fubftances,  the  principal  of  which  arc 
a  continuance  or  augmentation  of  heat,  an  agita- 
tion or  inteftine  motion,  the  cmiflign  of  light 
^nerally  in  the  form  of  flame,  and  a  total  cimngc 
in  the  matter  burned:  here  fire  overcomes  it's 
fuel,  breaks  it*s  nature,  alters  it's  ftate,  and  changes 
it  into  flame  and  light. 

Combufl:ion  has  been  diftinguifhed  into  three 
ftates;  inflammation,  ignition,  and  detonation. 

Inflammation  takes  place  when  the  body  or 
parts  thereof  are  either  in  an  aeriform  flate,  or  can 
be  raifed  into  vapour  by  the  fimple  heat  of  com- 
buflion,  and  the  flame  is  greater  in  piroportion  as 
the  combuftihie  body  is  more  volatile.  Thus  the 
flame  of  a  candle  is  kept  up  by  the  volatilization  of 
the  tallow  or  wax,  wluch  is  effcded  by  ?he  heat  of 
the  combuft:ion. 

Ignition  takes  place  when  the  combuftihie 
body  is  not  in  an  aeriform  ftate,  nor  fufceptiblcof 
afliiming  that  ftate  by  the  heat  of  combuftion. 

Detonation  is  a  fpcedy  and  rapid  inflammation, 
which  occaflons  a  noife  by  the  inftantaneous  for- 
mation of  a  vacuum. 

There  is  no  phenomenon  in  nature  which  has 
more  engaged  the  attention  of  philofophers,  nor 
which  has  more  puzzled  them  to  account  for,  than 
combuftion.  The  moft  oppofite  and  contiadidory 
theories  have  been  invented  to  account  for  it,  but 
in  a  very  unfatisfadory  manner ;  fome  light  has 
been  thrown  on  it  by  the  difcovery  of  dephlogifti- 
cated,   pure,  or  vital  air. 

You  will  obferve  a  great  difference  in  com- 
buftihie bodies  ;  fome  burn  briflcly  with  a  luminous 
flame,  as  oils,  woods,  refins,  bitumens ;  others  bum 
without  fenlible  flame,  as  many  of  the  metals,  and 
charcoal,  if  well  made;  others  confume  flowly 
without  fenfible  ignition,  though  with  heat,  as  in 
certain  fubftances.    In  all  theft  cafes,  when  the 

combuf- 
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combuftion  is  over,  the  body  burned  is  reduced  to 
a  fubilance  of  a  quite  oppofite  nature,  which  can- 
not be  fubjedted  again  to  the  fame  procefs,  being 
quite  uninflammable :  it  may  indeed  be  cooled  and 
heated  in  the  ufual  manner,  but  is  no  longer  in- 
flammable* Such  is  the  nature  of  inflammable 
bodies,  that  when  heated  to  a  certain  degree,  they 
not  only  becomp  hot,  but  by  proper  management 
they  may  be  heated  to  any  degree,  and  the  heat 
which  is  thus  generated,  may.  be  communicated 
to  other  bodies  without  any  lofs  of  heat  to  the  in- 
flammable bodies. 

The  refidue  of  the  combuftion  is  always  hea- 
vier than  the  body  itfelf  before  it  was  burned,  as 
is  more  particularly  the  cafe  in  thofe  that  are  fixed, 
not  volatilized  in  the  fire.  Some  fubftanccs  fecm 
to  be  an  exception  to  this,  as  in  the  open  air  they 
bum  totally  away,  without  leaving  any  refiduum, 
or  a  rcfiduum  lefs  weighty  than  the  original  fub- 
ilance. This,  however,  will  not  be  found  to  in- 
validate in  the  leaft  the  pofition  in  queftion ;  for 
on  a  careful  examination,  you  will  find  that 
fo  far  from  a  total  confumption,  there  is  not 
any  confumption  at  all :  the  fubftances  would  in* 
deed  feem  to  be  annihilated,  if  you  do  not  bring 
the  volatile  parts  into  the  account.  Spirits  of  wine 
and  ether  burn  without  leaving  any  refiduum  in  the 
vcflels  that  contain  them,  the  matter  they  confift 
of  is  volatilized  and  difperfed ;  but  if  proper  means 
are  ufed  to  colled:  the  produA,  it  will  be  found  in 
general  to  exceed  the  weight  of  the  matter  em- 
ployed. The  refiduums  of  combuftion  may,  there- 
fore, be  diftinguilhed  into  two:  i.  Thofe  whofc 
refults  are  fixed.  2.  Thofe  which  afford  volatile 
and  fugacious  fubftances.  In  the  firft  cafe,  where 
metals  are  calcined,  oils  rendered  rancid,  and  in 
the  produiflion  of  certain  acids,  fuch  as  the  phof- 
phoric,  vitriolic^  &c.  the  increafe  of  weight  is 
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cafily  afcertained.  In  the  fecond,  it  is  indeed  more 
difficult  to  weigh  all  the  refults  of  combuftion,  and 
confequently  to  afcertain  the  augmentation  in 
•weight.  Yet  if  the  combuftion  be  made  in  in- 
verted veflels,  and  the  whole  of  the  produds  be 
colleded,  it  is  found  that  they  arc  augmented  in 
weight:  their  augmentation  of  weight  is  ftri(5Uy 
proportional  to  that  of  the  air  they  abforb. 

In  order  to  afcertain  combuftion,  or  detain 
and  eftablifti  a  fource  or  circulation  of  fire  in  the 
lame  place,  it  is  neceflary,  firft,  that  fire  rcfidc 
in  fome  folid  or  fluid  matter.  Secondly,  that  the 
air  be  freely  admitted  to  it.  Thirdly,  that  to  in- 
troduce fire  into  the  combuftible  body,  it  muftbe 
heated  to  a  certain  degree. 

That  the  (irft  and  third  circumftanccs  arc  nc- 
ccflary,  is  felf  evident,  for  without  fire  there  can 
be  no  combuftion,  and  without  heat  applied,  you 
could  not  produce  that  fiery  commotion  by  which 
phlogifton  is  difengagcd,  and  the  furrounding  air 
is  decompofed.  It  is  fcarce  neceflary  to  prove  that 
air  is  required  to  fupport  combuftion. 

Let  us  inflame  this  fpiritof  wine,  and  then  put 
over  it  a  receiver  containingonly  a  fmall  quantity  of 
air,  and  you  fee  how  foon  the  inflammation  ceafes. 
Plunge  that  bright  burning  piece  of  charcoal  into 
this  veflel,  which  contains  highly  rcdified  fpirit 
of  wine,  and  you  fee  it  is  as  effedhially  quenched 
as  if  it  were  plunged  into  water.  If  you  take  ano- 
ther coal,  and  dip  it  in  the  fpirit,  fo  that  part  re- 
main above  the  furface,  the  fpirit  will  then  catch 
fire;  but  ftill  the  flame  will  confine  itfelf  to  the 
furface,  acling  only  on  thofe  parts  of  the  fluid 
which  are  contiguous  to  the  air.  You  have  fcen 
that  a  candle  that  burns  briflcly  in  the  open  air, 
will  foon  be  extinguiftied  under  a  receiver. 

On  the  other  hand,  you  know  that  fire  is 
quickened  by  a  blaftof  air ;  and  it  is  an  eftablifh* 

cd 
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cd  law  of  nature,  that  as  foon  as  fire  begins  to 
ipread  itfclf,  a  fire  am  of  air  rujhes  in  from  all  fides 
to  fupport  it ;  and  the  larger  the  fire  is,  the  (harper 
is  the  indrafi:  of  air :   fo  that  combuftion  is   the 
joint  adlion  of  fire  and  air  r  between  thefe  a  dou- 
ble motion  is  maintained,  an  expanfion  outwards, 
and  a  preflurc  inwards.     That  there  is  an  adlion 
outwards,  is  evident,    i.  From  the   heat  propa^- 
gated  through  the  air,  which   at  a  confiderable 
diftance  from  the  fire  itfelf  will  adt  as  fire,  and 
inflame  bodies,  when  it  is  reflcded  from  a  concave 
fpcculum.     2.  From  the  ftiadow  which  an  opake 
body  cafts  behind  it  by  intercepting  this  matter. 
3.  The  continual  current  of  air  in  a  contrary  di- 
rcftion;  a  filk  handkerchief,   or  any  other  light 
body,  held  near  a  fire,  will  be  carried  into  it;  and 
the  rufhing  of  the  air  through  all  the  joints  and 
apertures  of  the  doors  and  windows  of  a  room, 
heated  by  a  fire,  is  fenfibly  felt. 

Of  the  Nature  of  Atmospheric  Air. 

We  muft  now  for  a  moment  proceed  to  the 
confideration  of  atmofpheric  air ;  this  you  muft 
have  already  concluded  to  be  a  mixture  of  every 
fubllance  capable  of  retaining  an  aeriform  ftate  in 
the  common  temperature,  and  under  the  ufual 
prelTure  it  experiences.  Thefe  fluids  conftitute  a 
mafs,  in  fome  meafure  homogeneous,  extending 
from  the  furface  of  the  earth  to  the  greateft  height 
hitherto  attained,  of  which  thedenfity  continually 
increafes  in  the  inverfe  ratio  of  the  fuperinciimbent 
weight.  It  is  my  intention  here  to  give  you  fome 
account  of  the  compofition  of  the  inferior  ftratum 
of  air  which  we  inhabit.  Modern  chemifts  have 
nude  great  advances  in  this  refearch,  and  atmo- 
fpherical  air  has  been  more  rigoroufly  examined 
than  any  other  fubflancc  of  this  clafs. 

They  endeavour  to  prove  that  atmofpheric  air 

confills 


Digitized  byCjOOQlC 


332     Lectures  on  Natural  Philosopht. 

conlifis  of  two  aeriform  fluids,  one  of  which  is 
capable,  by  refpiration,  of  contributing  to  animal 
life,  and  in  which  metals  are  calcinable,  and  com- 
buflible  bodies  will  burn ;  while  the  other  is  en- 
dued with  diredlly  oppofite  qualities ;  it  cannot  be 
breathed  by  animals,  neither  will  it  admit  of  the 
combuftion  of  inflammable  fubfl:ances,  nor  of  the 
calcination  of  metals :'  the  firft  of  thefe  is  called 
pure  vital  or  dephlogijiicated  air;  it  is  compounded 
of  a  peculiar  principle  of  fire,  to  which  laft  it 
owes  it's  aerial  form.  The  firft  principle  unites 
with  the  combuftible  body,  and  by  that  means 
changes  it's  nature,  and  adds  to  it's  weight,  while 
fire  is  difcngaged  in  heat  and  light.  The  other 
principle,  or  conftituent  part  of  vital  air,  always 
forms  acids  by  uniting  with  combuftible  bodies, 
and  has  therefore  been  called  by  Mr.  Lavoifier  the 
oxyginous  or  acidifying  principle  :*  the  nature  of 
this  air  will  be  more  clearly  apprehended  when  I 
treat  of  ehijlic  or  aeriform  fluids.  It  has  i)een 
computed  from  obfervations,  that  pure  air  confti- 
tutes  about  one  fourth  part  of  ouratmofphere,  and 
that  this  fmall  part  alone  is  confidered  as  the  prin- 
cipal agent  in  combuftion. 

Let  us  now  confide Jr  the  principles  on  which 
fire  is  fupported  by  air ;  thefe  we  {hall  find  to  be, 
firft,  it's  preflure,  which  keeps  the  fire  together  in  a 
body,  and  prevents  it's  diflipation ;  by  this  effcd 
of  the  air  the  fire  is  concentrated,  and  it's  fplendor 
much  increafed.  You  have  feen  that  the  cledric 
fpark  is  bright  and  vivid  as  lightning,  when  it  ex- 
plodes in  the  air,  but  that  it  exhibits  only  a  faint 
diluted  filcnt  ftream  in  vacuo.  I  have  alfo  (hewn 
you  how  foon  the  fire,  w  ith  which  water  is  impreg- 
nated, efcapes,  and  how  foon  it  cools  in  vacuo. 

The 

*  This  is  according  to  the  modem  French  theory,  fomc 
parts  of  which  I  now  think  dubious,  and  other  parts  erroneous, 
us  will  be  fccn  in  the  courfe  of  thefe  Lcflurts. 
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*Thc  outline  by  which  the  flame  of  a  candle  is  fo 
^%v€ll  defined,  can  only  be  attributed  to  a  prefliire 
^^^hich  acts  equally  on  every  fide  ;  and  this  preiTurc 
c:an  be  no  other  than  that  of  the  air,  as  you  may  eafily 
c:onvinceyourfelvesby  carrying  the  candle  for ward^ 
when  you  will  find  the  fide  of  the  flame  that  meets 
the  air  will  be  bright  and  well  defined,  but  the  fide 
that  follows  will  be  more  ragged  and  diluted. 

This  fight  is  fo  familiar  that  we  pay  but  little 
attention  to  it  j  yet  it  is  matter  of  aftoniftiment^ 
that  a  fluid  fo  weak  as  fire  might  be  fuppofed  to 
be,  on  account  of  the  infinite  fubtlety  of  it's  parts, 
and  whofe  exiftence  has  been  denied  by  fome,  be^ 
caufe  they  cannot  weigh  it  in  a  pair  of  fcales, 
Ihould  be  expanded  itfelf,  and  expand  the  air  with 
all  that  force  which  experiment  demonftrates.  To 
illuftrate  this,  let  us  fuppofe  the  atmofphere  pref- 
fing  upon  the  flame  of  a  candle  with  half  it's  force^ 
that  is,  with  a  weight  equal  to  feven  pounds  on  every 
iquare  inch;  if  there  be  a  fphere  of  fuch  flame, 
whofe  diameter  is  one  foot,  the  air  would  comprcfs 
it's  furface  with  a  force  equal  to  3164  pounds,  yet 
fire  maintains  it's  dimenfions  with  eafe  againft  a 
compreflive  power,  which  feems  more  than  fuffi- 
cient  to  drive  it  back  to  it's  central  point. 

Secondly,  the  uniform  preflure  of  the  air  on 
the  fubftance  is  changed,  and  ai\  influx  thereof  oc- 
cafioned  by  the  heat  firft  applied  to  the  combufl:iblp 
body,  by  which  influx  a  continual  fupply  of  frelh 
air  is  fiipplied;  between  the  impulfe  of  this  to- 
.  wards  the  center  of  the  fire,  and  the  continual  ex- 
panfion  of  the  fire  outwards,  a  confiderable  agitation 
is  occafioned,  which  facilitates  the  combufl:ion: 
the  more  violent  the  re-adion  of  the  air  is  made, 
the  greater  is  the  adion  of  the  fire  upon  the  air. 

Thirdly,  experiment  now  clearly  proves,'  that 

the  ancients  were  right  in  the  opinion  which,  they 

univer&lly  maintained,  that  air  fupports  fire  as  a 

faiulum,  that  is,  that  it  ad;ually  parts  with  fome 
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of  it's  fubftance  to  fupply  frefli  matter,  which  in- 
creafes,  and  becomes  part  of  the  fire.  In  the  cot- 
flidl  between  the  air  and  the  fire,  the  fire  is  increafed, 
and  the  air  is  di  mini  (bed;  for  as  fire  a<fts  upon  air, 
fa  air  re-adts  upon  fire  :  the  latter  of  thcfc  is  well 
known,  the  former  will  be  evident  from  experi- 
ments. 

You  may  (hew  that  air  is  diminiftied  by  the 
procefs  of  combuftion,  by  throwing  the  focus  of  a 
burning  lens  on  the  combuftible  body,  when  con- 
tained in  a  glafs  receiver  inverted  in  water ;  when 
the  apparatus  is  grown  cold,  the  water  will  be  feen 
to  rife  up  a  Ihort  way  into  the  receiver.  I  have 
already  fhewn  you,  inLcdlure  IV,  the  diminution  of 
air  when  candles  burn  under  a  receiver.  Here  arc 
fome  receivers  with  mercurial  gages  adapted  to 
them ;  to  render  this  effed  more  fenfible,  you  have 
only  to  take  care  and  place  the  receivers  as  expe- 
ditioufly  as  poflible  overthe  matters  already  kindled. 
We  will  place  this  receiver  over  this  piece,  and 
you  will  obferve  the  fame  effedts  you  noticed  when 
we  tried  the  flaming  candle ;  the  gage  is  firft  dc- 
prcfled,  and  then  rifes  about  an  inch  and  an  half. 
Frorn  thefe  experiments,  it  appears  that  the 
larger  and  brilker  the  fire  in  equal  fpaces,  let 
the  fuel  be  what  it  will,  the  greater  is  the  con- 
fumption  of  air;  and  though  different  kinds  of 
fuel  may  occafion  fome  critical  differences,  the 
general  effed  is  from  the  air,  and  not  from  the 
fuel. 

I  may  now  attempt  to  flicw  you  what  portion 
of  air  is  abforbed,  and  which  part  of  it  furnilhcs 
fo  much  afliftance  in  the  combuftion  of  bodies. 
You  have  already  feen  that  fire,  when  in  a  ftate  of 
combination  with  any  fubftance,  does  not  give  any 
figns  of  heat ;  and  that  the  heat  is  greater,  and  it's 
clFeds  more  rapid,  in  proportion  as  more  fire  is  fct 
at  liberty  and  difcngaged.  I  have  alfo  told  you, 
diat  atmofpheric  air  is  lormed  of  t  w  o  aeriform  fluids, 
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one  of  which,  vital  air,  is  neceflary  to  combuftion, 
and  without  which  it  cannot  be  carried  on,  while 
the  other,  phlogifticatcd  air,  is  altogether  impro- 
per for  combuftion ;   to  the  former  of  thefe  then, 
or  pure  vital  air,  we  muft  look  for  afliftance  fur- 
nifhcd  in  combuftion,  and  the  air  abforbed.     You 
know  alfo  that  every  aeriform  fluid  is  fuch,  prin- 
cipally on  account  of  the  fire  combined  with  it's 
bafc ;  now  pure  air  contains  a  great  quantity  of  fire 
combined  with  it's  bafe.    In  the  ad:  of  combuftion 
there  is  an  influx  of  air  to  the  heated  body,  at  the 
fame  time  that  the  heat  applied  to  the  combuftiblc 
fubftance  puts  in  aftion  the  fire  contained  therein, 
breaks  it's  union  with  the  fubftance,  and  weakens 
the  aggregation  of  it's  parts ;  the  fire  from  without, 
or  in  the  air,  unites  with  the  fire  difengaged  from 
the  fubftance,  the  pure  air  is  thus  dccompofed,  it's 
bafe  or  oxigene  unites  with  the  burning   body, 
while  the  fire,   being  alfo  difengaged,   is  united 
with  the  fire  that  commenced  the  inflammation. 
From  hence  there  refults  an  augmentation  of  heat, 
which  difpofes  a  great  number  of  particles  of  the 
burning  body  to  combine  with  particles  furniftied 
by  the  air,  with  which  it  is  continually  fupplicd, 
and  without  this  fupply  the  fire  would  go  out.     In 
this  feparation  of  the  air,  the  fire  combined  with  it 
efcapes,  and  manifefts  itfclf  by  it's  ufual  eharad:ers, 
heat,  light,  and  flame;  and  the  more  parts  that  are 
combined  and  fixed  in  a  given  time,  the  more  fire 
will  be  difengaged,   and  the  more  rapid  and  bril- 
liant will  be  the  inflammation. 

In  all  combuftiou  vital  air  is  decompofed, 
fire  difengaged,  and  coiifequently  heat  produced ; 
the  heat  is  greater  or  lefs  according  to  the  nature 
of  the  burning  body ;  for  according  to  the;  expe- 
riments of  MclTrs.  Lavoifier  and  De  la  Place,  one 
ounce  of  charcoal  confumes,  in  burning,  4037.5 
cubic  inches  of  vital  air,  and  forms  30^1.1  inches 
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of  fixed  air.  This  ounce  of  charcoal  confumc* 
then  3  oz.  4  grs.  of  vital  air,  and  forms  3  oz. 
5  grs.  of  fixed  air. 

From  what  has  been  faid,  it  appears  clearly, 
I.  That  combuilion  is  eminently  promoted  by  vital 
air,  which  maintains  combuftion.  2.  That  the 
more  fire  is  difengaged,  the  ftronger  will  be  the 
heat  produced.  3.  That  the  beft  method  of  pro- 
ducing violent  heat  confifts  in  burning  bodies  in 
the  pureft  air.  4.  That  fire  and  heat  muft  be  more 
intenfe  as  the  air  is  more  condenfed:  and,  5.  That 
currents  of  air  are  neceflary  to  maintain  and  ex- 
pedite combuftion. 

You  may  from  thefe  principles  eafily  account 
for  the  efFedb  of  the  Argand  or  cylinder  lamps;  the 
current  of  air,  which  is  renewed  through  the  tube, 
fupplies  frelh  air  every  inftant,  and  by  continually 
fupplying  a  new  quantity  of  vital  air  to  the  flame, 
a  heat  is  produced  fufficient  to  ignite  the  fmoke. 

In  the  fame  manner  you*  may  account  for 
the  vehement  adion  of  a  blaft  of  air  upon  fire,  and 
the  parts  of  fuel.  Some  metals  melt  more  eafily 
than  others ;  iron  is  a  metal  which  requires,  for 
fufion,  the  utmoft  violence  of  fire :  notwithftanding 
^this  difficulty,  let  a  bar  of  iron  be  laid  in  a  fmith's 
forge  till  it  has  got  what  they  call  a  white  heat; 
when  it  is. as  bright  and  fparkling  as  it  can  be  made, 
let  it  be  taken  out  of  the  fire :  then  let  a  blaft  of  air 
from  a  common  pair  of  bellows  be  ftrongly  blown 
againft  the  heated  extremity  of  the  iron,  which, 
inftead  of  being  cooled  by  the  blaft,  will  become 
more  white  and  ftiinin^  than  before,  till  by  degrees 
it  rolls  about  in  a  liquid  form,  fending  out  brilliant 
jTp/rks  in  all  diredions,  and  falling  with  frequent 
drops  to  the  ground.  If  a  cannon  bullet  be  heated 
in  the  like  manner,  by  a  large  pair  of  forge  bellow^ 
it  affords  a  glorious  fpeftacle,  which  can  be  con- 
ceived only  by  thofc  who  have  feen  it ;  the  eyes 

arc 
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ire  dazzled  with  the  light  as  when  we  look  upon 
the  fun. 

The  fmiths,  whofe  bufinefs  lies  at  the  forge, 
are  fo  well  acquainted  with  this  efFedt  of  a  blaft  of 
air  againft  ignited  iron,  that  they  cautioufly  avoid 
expoiing  the  metal  too  near  to  the  nofe  of  their 
bellows.  A  fire-man,  who  is  but  green  in  his  pro- 
feflion,  is  very  apt  to  be  catched  with  this  accident 
from  his  bellows,  by  which  he  utterly  fpoils  the 
IhifFhe  works  upen,  by  giving  it  what  they  call 
the  wind  rot.  In  thefe  rapid  combuftions  the 
fame  quantity  of  heat  and  light  is  produced  in  a 
fecond  of  time,  as  in  the  ordinary  methods  would 
require  a  much  longer  time. 

Thi3  you  will  fee  pleafingly  exhibited  in  the 
next  experiment,  firft  made  by  Dr.  Ingenhouz.    I 
take  this  piece  of  fine  iron  wire,  twilled  into  a 
fpiral ;  *  I  fix  one  of  the  extremities  to  the  cork  at 
the  top  of  the  bottle,  and  to  the  other  extremity  a 
piece  of  tinder;    I  now  fill  the  bottle  with  vital 
air,  light  the  tinder,    and   introduce  it  and  the 
wire  as  expeditioufly  as  I  can  into  the  bottle,  (lop- 
ping it  with  the  cork.     The  moment  you  fee  the 
tinder  comes  in  contact  with  the  vital  air,  it  begins 
to  burn  w  ith  intenlity :    it  has  now  communicated 
the  inflammation  to  the  iron  wire,  which  has  taken 
fire  ;  obferve  how  rapidly  it  burns,  and  what  bril- 
liant fparks  it  throws  out ;  thefe  fall  to  the  bottom 
of  the  bottle,  and  though  they  become  black  in 
cooling,  yet  they  retain  a  degree  of  metallic  fplen- 
dor.  The  iron  thus  burnt  is  more  brittle  than  glafs. 
With  the  aid  of  vital  air  Profeffor  Lichten- 
berger  foldered  the  blade  of  a  knife  to  a  watch 
fpring.     Meflrs.  Lavoifier  and  Erhmann  have  fub- 
jeded  almoft  all  known  bodies  to  the  adlion  of  fire 
maintained  by  vital  air,  and  have  produced  elfed^ 
ivhich  the  burning  glafs  could  not  have  operated. 
Mr.  Foftcr,    of  Gottingen,  found  the  light 
Vot.  I,  Z  of 
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of  the  glow-worm  fo  beautiful  and  bright,  in  vital 
air,  that  one  fingle  infedt  afforded  light  fufficicw 
to  read  a  book  printed  in  a  finall  chara<9;er. 

Op  Flame. 

This  is  in  general  confidered  as  a  luminous  va* 
pour,  or  in  other  words,  as  the  vapour  of  a  fubftance 
raifed  by  fire^  and  heated  to  fuch  a  degree  as  to 
emit  light  copioufly. 

Bodies  are  capable  of  emitting  flame  only  in 
proportion  to  the  quantity  of  vapour  that  rifes  from 
them:  thus  wood,  coals,  &c.  which  emit  a  great 
quantity  of  vapour,  flame  violently ;  while  lead, 
tin,  &tc.  which  emit  but  a  fmall  fume,  can  fcarce 
be  perv:eived  to  flame  at  all. 

To  this  rule  there  are,  however,  fome  ex- 
ceptions ;  fome  vapours  feem  to  be  in  their  own 
nature  uninftammable,  and  capable  of  extinguilh- 
ing  flame,  as  thofe  of  water,  as  the  mineral  acids, 
fai  ammoniac,  arfenic,  &c.  while  others,  as  ether, 
fpirit  of  wine,  &c.  take  fire  on  the  flighted  ap- 
proach of  a  flaming  fubftance  :  the  laft:  exhibit  a 
remarkable  phenomenon,  as  they  cannot  be  made 
to  flume  without  the  approach  of  fome  fubftance 
previoufly  in  flamei:  thus,  fpirit  of  wine  poured  on 
a  red-hot  iron,  though  immediately  diffipated  in 
vapour,  will  not  flame ;  but  if  a  burning  candle 
touch  it's  furface,  the  whole  is  fet  in  a  flame  at  once. 
The  cafe  is  however  otherwife  with  oils,  efpecially 
of  the  groflfer  kind,  for  their  vapours  will  readily 
be  changed  into  flame  by  the  mere  increafe  of  heat, 
M  ithout  the  approach  of  any  flaming  fubftance. 

There  is  probably,  however,  no  kind  of  va- 
pour but  what  may  be  converted  into  flame,  pro- 
vided it  be  expofed  to  a  fuflicient  degree  of  heat, 
]Kven  the  vapour  of  water,  made  to  pafs  through 
burning  coals,   is  faid  to  produce  a  bright  ftrong 

flaw?, 
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flame.  It  has  been  conjcfturcd  that  when  fmoke 
is  converted  into  flame;  che  latent  fire,  which 
had  combined  with  the  vapour,  is  difengaged^  and 
adds  to  the  quantity  of  fcnfiMe  beat  already  mani* 
fefted. 

If  a  veflcl  full  of  oil  be  fdt  over  a  fire^  a  fmokte 
or  vapour  begins  to  rife  from  it,  which  grows  gra- 
dually thicker  and  thicker,  and  at  laft  begins  to 
ihine  at  fome  places  near  thefurface  of  the  oil ;  the 
heat  does  not  exceed  400  degrees  trf  Fahrenheit : 
but  if  a  lighted  candle  be  held  in  the  ft^am  for'a 
moment,  the  whole  is  immediately  ctmvertcd  int6 
flame  with  fomething like  anexplofion,  after  whicb 
ithe  oil  burns  quietJy  until  it  is  all  confumei 

Op  the  FlaM£  of  Canoxis. 

This  fubjed  has  been  already  very  well  confi- 
rdered  by  Mr.  Nicholfon,*  from  whom  we  find  that 
uax,  being  already  combined  with  a  portion  of 
vital  air^  does  not  burn  with  fo  luminous  a  flame 
as  uUow  »or  oil ;  but  that  it  pofTcfles  a  very  great 
advantage  in  the  fabrication  of  candles^  becaufe  it 
requires  a  ;greater  degree  of  heat  to  mdt  it  than 
<cither  of  the  other  two  fubftances. 

To  undcrftand  this  advantage^  you  mufl:  con- 
fider  that  oils  do  nojt  take  ftrc  unlefs  they  be  previ- 
oufly  volatilised  by  heat :  the  oU  rifes  between  the 
fibres  of  the  wick  by  what  is  called  capillary  at- 
traftion.  Heat  is  applied  to  the  extremity  of  the 
wick,  which  volatilizes  md  inflames  a  portion  of 
the  oil;  as  this  is  diflipated  by  combullion,  another 
portion  rifes  and  fupplies  it's  place,  by  being  heated 
fnd  inflamed  :  in  this  way  a  conflant  combufl:ioA 
i«  maintained.  A  candle  diflfers^  however,  from 
a  lamp,  in  one  wtry  elTential  circumltance,  that 
the  ullow  is  liquified  only  as  it  comes  to  be  in  the 
vicinity  of  the  conflagration,  and  this  fluid  is  re* 

Z  2  taineti 
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tained  in  the  hollow  of  the  part  which  is  ftill  con- 
Crete,  and  forms  a  kind  of  cup.  To  carry  this  fluid 
off  as  fall  as  it  is  formed,  it  is  neceffary  to  have  a 
_thick  wick,  otherwife  the  oil  will  run  down  the 
fides  of  the  candle  ;  but  as  wax  is  not  fo  fufible  as 
tallow,  the  wick  of  a  wax  candle  may  be  made 
much  thinner  than  one  made  of  tallow. 

,'  Let  us  obferve  the  difference  in  the  appear- 
ances produced  by  a  thin  and  a  thick  wick.  You 
obferve  that  in  this  candle  with  a  thick  wick, 
fnufFed  Ihort,  the  flame  is  perfed:  and  luminous, 
(which  will  be  the  cafe,  unlefs  the  diameter  be  very 
,great^  when  there  is  an  opake  part  in  the  middle,  and 
where  the  combuftion  is  impeded  for  want  of  air). 
As  the  wick  becomes  longer,  thefpace  between  the 
top  of  the*  wick  and  the  top  of  the  flame  is  dimi- 
nilhed ;  confequently  the  oil  pafling  oflF  at  that  ex- 
tremity having  lefs  (pace  of  ignition  to  pafs  through, 
is  not  fo  completely  burned,  and  pafles  oflf  partly 
in  fmoke :  this  evil  continues  to  incrcafe  until  at 
length  the  upper  part  of  the  wick  projects  beyond 
the  flame,  and  forms  a  fupport  for  an  accumulation 
of  foot,  which  is  afforded  by  the  imperfed  com- 
bufl:ion.  A  candle  in  this  fituatiog  aflbrds  fcarccly 
one  tenth  of  the  light  which  the  due  combuftion 
of  it's  materials  would  produce  ;  and  tallow  can- 
dles, on  this  account,  require  continual  fnuffing. 
But  on  the  other  hand,  if  you  obferve  this  wax 
candle,  you  obferve  that  as  the  wick  lengthens,  the 
light  indeed  becomes  lefs,  and  the  cup  is  filled 
with  melted  wax.  The  wick,  however,  being  thin 
and  flexible,  does  not,  as  you  fee,  long  occupy  it's 
place  in  the  center  of  the  flame,  neither  does  it, 
when  there,  enlarge  the  diameter  of  the  flame,  fo 
as  to  prevent  the  accefs  of  air  to  the  internal  part; 
but  bending  on  one  fide,  when  it's  length  is  too 
great  for  it's  vertical  pofition,  it's  extremity  comes 
^tocontad  with  the  air,  and  is  burned  to  aflies, 

excepting 
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cxccpring  only  fo  much  as  is  defended  by  the  con- 
tinual afflux  of  melted  wax,  which  is  volatilized 
and  completely  burned  by  the  furrounding  flame. 
We  fee;  therefore,  that  the  difficult  fufibility  of 
wax  renders  it  pradicable  to  burn  a  large  quantity 
of  fluid  by  means  of  a  fmall  wick ;  and  that  this 
flnall  wick  turning  on  one  fide,  in  confequence  of 
it's  flexibility,  performs  the  office  of  fnuffing  itfelf 
in  a  much  more  accurate  manner  than  it  can  ever 
be  performed  mechanically. 

Some  further  confiderations  on  a  fubjedl  fo 
interefting,  and  fo  often  before  mentioned,  will  I 
hope  not  prove  unacceptable. 

When  a  candle  is  for  the  firft  time  lighted, 
(which  muft  be  done  by  the  application  of  adtual 
flame)  a  degree  of  heat  is  given  to  the  wick,  fuffi- 
cicnt  firft  to  melt,  and  next  to  evaporate  the  tal- 
low furrounding  it's  lower  furface;  -and  juft  in  this 
part  the  newly  generated  vapour  is,  by  admixture 
with  the  air,  converted  into  a  ilueRamc;  which 
almoft  inftantaneoufly  encompaffing  the  whole  bo- 
dy of  the  vapour,  communicates  10  much  heat  to 
it,  as  to  make  it  emit  a  yellowifli  white  light. 
The  tallow  now  liquified,  as  fiaft  as  it  boils  away 
at  the  top  of  the  wick,  is,  by  the  capillary  attrac- 
tion of  the  fame  wick,  drawn  up  to  fupply  the 
place  of  what  is  evaporated.     The  congeries  of 
capillary  tubes,  which  forms  the  wick,  is  black, 
becaufe  it  is  converted  into  coal ;  a  circumftance 
common  to  it  with  ail  other  vegetable  and  animal . 
fubftances,  when  the  oil  which  enters  into  their 
compofition  having  been  decompofed  by  combuf- 
tion,  the  more  fixed  part  is  by  any  means  what- 
ever covered  and  defended  from  the  adion  of  the 
air.     In  this  cafe,  the  burning  fubftance  owes  it's 
protedlion  to  the  furroundmg  flame.     For,  when 
the  wick,  by  the  continual  wafting  of  the  tallow, 
becomes  too  long  to  fupport  itfelf  in  a  perpendi- 
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cular  fituation>  the  top  of  it  projedls  outof  the 
cone  formed  by  the  flame^  and  thus  being  expofcd 
to  the  a(5tio])  of  the  air»  isignited>  lofes  it*s  blacks 
ncfs>  and  i&  prefently  converted  into  afhea. 

The  part  of  the  flame  which  comes  into  con- 
tadl  with  die  alr^  appears  of  a  Hue  colour. 
The  innejp  part  of  the  flame  diflfers  ftom  the 
outer^  iiv  being  much  denfer^  and  emitting  a  ftrong 
yeliowifh  white  Kght^,  which  has  been  called  the 
Mght  of  ignition ;  while  on  the  other  hand^  the 
blue  has  been^  fuppofed  to  conftitute  the  i^ht  of 
inflammation.;  Thefe  two  parts  of  the  flame^  dif- 
fering not  only  in  colour,  but  almoft  in  every  other 
property^  ought  to  be  dilcriminated  f«om  each 
other  by  different  epithets..  The  interior  part  may 
be  confidered  as  (what  it  readly  is)  aa*  ignited  bo-- 
dy,  and  the  light  emitted  by  it  may  be  called  the 
light  of  ignition;  while  that  proceeding  from  the 
exterior  portion,  may  be  denominated  the  Kght  of 
combuftion,.  for  it  is  properly  in  this  part  of  the 
flame,  that  the  proced  of  combuilioa  is  carried 
on,  and  by  that  means  a  teriium  (piid  produced; 
the  fucceeding  phaenomena  being  rather  fequels  to, 
than  making  part  of  this  procefs^r  When  more 
vapour  afccnds  than  can  combine  with  the  air  iiv 
a  given  time,  the  remainder  by  the  continued  ac- 
tion of  the  blue  flame  furrounding  it,  fuffers  an 
accumulated  degree  of  heat,  and  is  ignited. 

Of  Phlogiston.  ♦ 

It  will  be  proper  here  to  take  notice  of  K^ 
principle  A^hich  modern  chcmiflry  aflumes,  as  ne- 
ceflary  to  the  exiftence  of  inflammable  bodies,  as 
that  which  renders  them  fuch,  or  in  other  words  as 
the  principle  of  intiavimability.  The  French  chc- 
mifts  have  indeed  lately  attempted  to  prove  from 
the  produdion  of  water,  when  inflammable  and. 

vital 

^  This  pnnciplcLwiU  be  conddered  more  fully  when  wcueat 
ofcladic  fiukis. 
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vital  air  are  mixed  in  due  proportions,  arid  kin- 
dled in  a  clofe  veflcl,  that  there  was  ilofuch  prin- 
ciple as  prhlogifton;  ind  they  have  endeaVoured 
to  propagate  and  maintain  their  inference  by  coin- 
ing new  terms,  and  forming  a  new  language,  to 
render  their  opinions  univerfiil,  and  fubjugatc  the 
mind  of  man  to  their  tenets.  How  far  there  is  any 
foundation  for  their  difcarding  phlogifton,  reafon- 
ing  from  their  own  experiment  will  be,  I  hope, 
rendered  evident,  by  the  following  part  of  this 
l-edurc ;  which  is  principally  extracfled  frdm  Dr* 
Hutton's  '*  Diflertations-  on  different  fubjeds  of 
Natural  Philofophy/' 

If  you  wi(h  to  fee  the  errors  in  their  reafon- 
ing,  the  falfity  of  their  principles,  and  the  vanity 
and  weaknefs  of  their  aflumptions  fully  proved,  I 
mud  refer  you  to  the  excellent  letters  publifhed  by 
Mr.  de  Luc^  in  the  Journal  de  Phylique  for  1790, 
1791,  and  1792* 

Not  content  with  the  difcovcries  they  had 
made,  they  have  endeavoured  to  explain  combuf- 
tion  upon  a  mifapplied  and  erroneous  principle* 
They  aflcrt  in  theory,  though  they  contradicfl:  the 
altertion  in  explanation,  that  vital  air  contains 
in  itfelf  the  principle  of  fire,  and  that  it  is  the  fire 
lurking  therein,  that  immerges  upon  the  combina- 
tion of  this  air  with  the  particular  fubftance  of 
the  burning  body.  Placing  the  light  and  heat  all 
in  the  vital  air,  they  coilfider  the  phlogiftic  prih-» 
ciplc  exifting  in  the  body  itfelf  as  unneceflary,  and 
have  therefore  profcribed  it,  in  their  tyrannical 
arrangement  of  the  fubjedl. 

I  think  the  confiderations  I  am  going  to  lay  be- 
fore you,  will  prove,  that  their  theory  does  noli 
explain  the  principal  appearances  for  which  the 
term  phlogifton  has  been  adopted  in  fcicnce,  and 
that  they  have  therefore  been  only  introducing  er- 

Z  4  roii 
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ror,  by  imputing  certain  efFe<as  to  improper  and 
inadequate  caufes. 

The  dodrine  of  phlogifton,  as  underftcxxl  by 
modern  chemifts,  implies,  that  a  quantity  of  fire, 
or  the  matter  of  light  an^  heat,  is  occafionally  con- 
.tained  in  bodies  as  a  part  of  their  compojition\  and 
that  thefe  bodies  poifefs  this  naturally  diffufivc 
fubftance,  upon  a  different  principle  from  that  pf 
beat,  or  any  other  befides  this,  which  is  f>cculiar 
to  itfelf.  Thefe  bodies  are  called  phlogiftic 
bodies. 

Phlogifton,  thus  confidered,  feems  to  form  a 
fubftance  fui  generis,  differing  from  every  other 
fubftance  in  a  body.  It  may  be  confidered  as  a  trca- 
fure  within  them  of  light  and  heat,  to  be  difpenfed 
in  the  abfence  of  the  fun,  both  for  the  various  pur- 
pofcs  of  neceflity  and  convenience,  in  the  oeco- 
xiomy  of  the  world. 

On  the  fuppolitiorn  of  phlogifton,  the  light 
which  is  propagated  from  a  bvirning  body,  belong- 
ed to  that  body,  and  made  part  of  it's  fubftance. 

Inflammable  bodies  lofe  their  luminous  fub- 
ftance in  burning,  after  which  they  can  by  no  means 
be  kindled,  unlefs  their  luminous  fubftance  be 
again  reftored  to  them,  which  is  done  by  the  che- 
mical adion  of  another  phlogiftic  body  on  the 
remains  of  the  firft.  But  here  alfo  the  fccond  bo- 
dy is  deprived  of  it's  phlogiftic  qualities,  while  it 
rcftores  them  to  the  firft  ;  and  becomes  as  incapa- 
ble of  emitting  light  and  heat  in  the  way  of  inflam- 
mation, as  if  it  had  already  undergone  that  proccfs 
in  the  moft  complete  manner.  Examples  of  this 
arc  found  in  the  burning  of  zinc,  of  phofphorus, 
and  fulphur ;  for  after  thefe  bodies  have  loft  their 
light  and  inflammability,  thefe  may  be  again  re- 
ftored by  means  of  a  certain  quantity  of  charcoal, 
which  is  thereby  confumcd,  or  lofes  it's  combufti- 
blc  principle. 

From 
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From  the  important  cbangesfproi^ccA  in  an 
inflammable  body  by  burning,  as  well  as  from  the 
.amazing  quantity  of  /i^i?/.  emitted  in  that  opera- 
tion, it  is  inferred,  that  the  body  has  loft  a  ^reat 
cind  material  fart  of  ir's  fubftance.    It  is  allowed, 
that  bodies  in  burning  or  calcining  are  combined 
Ajvith  a  large  quantity  of  atmofpheric  matter,  which 
changes  all  their  fenfible  qualities;  but  it  is  alfo 
.contended,  that  they  are  more  changed  than  what 
they  ought  to  be  from  the  additions  they  have  re- 
ceived, or  the  new  combinations  which  have  been 
formed. 

As  the  weight  of  bodies  is  not  diminifhed  by 
burning,  it  may  therefore  be  juftly  fuppofed,  that 
there  is  in  the  conftitution  of  inflammable  bodies 
a  peculiar  fubftance  productive  of  their  eminent 
qualities,  a  fubftance  diftinil  from  all  matter,  that 
gravitates,  yet  a  fubftance  by  which  our  organs  of 
Tenfation  are  immediately  affeded. 

The    Reality    of   Phlogiston    proved    by 
Decomposition  of  Water. 

In  .  the  well  conducfled  experiment  of  Mr. 
Lavoilier,  we  will  fuppofe  for  the  prefent  the 
analyfis  of  water  to  be  well  cftablifhed;  but  in 
thofe  experiments,  by  which  the  compolition 
of  water  is  made  to  appear,  the  phlogiftic  prin^ 
ciple  will  be  found  alfo  to  have  adled  it's  part,  and 
you  will  find  this  elementary  fubftance  in  that 
very  operation  by  which  the  compolition  of  water 
was  detedled. 

There  are  fome  circumftances  concerning  this 
important  experiment,  which  feemtohave  efcaped 
the  attention  of  the  excellent  chcmifts  who  made 
it,  the  neglecfl  of  which  renders  their  tlieory  im- 
perfedt,  their  reafonings  inconclufive. 

In 
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In  this  inquiry,  we  abftain  as  much  as  poflibl^ 
from  every  thing  foreign  to  the  fubje<5l  of  phlo- 
gifton;  and  we  only  inquire  into  the  nature  of  wa- 
ter, fo  far  as  the  produdlion  thereof  is  connefted 
with  the  decompofition  of  that  particular  phlogiftic 
body  we  are  to  examine ;  we  therefore  need  not 
coniider  the  truth  of  their  theory,  relative  to  the 
nature  and  conftitution  of  water.  The  do<ftrine  of 
phlogifton  is  as  independent  thereof,  as  it  is  con- 
trary to  their  deductions  from  the  theory  of  water* 

One  unknown  principle,  or  element  of  water,  is 
contained  in  the  inflammable  air ;  the  other  ele- 
ment of  u'ater,  the  acidifying  principle,  is  in  the 
pure  vital  air ;  that  is,  there  are  in  vital  air  and  in- 
flammable gas,  two  fubftances  extremely  attrac- 
tive of  each  other,  which  when  fuffered  to  unite, 
faturate  each  other,  and  form  a  fubflance  perfedly 
different  from  it's  conftituent  parts. 

Or  to  be  more  particular,  that  inflammable  air 
and  vital  aii*  being  mixed  in  due  proportion,  and 
this  mixture  kindled  in  a  clofe  vefltl,  the  two  elaf- 
tic  fluids  difappear,  and  a  quantity  of  water  equal 
to  the  weight  of  the  two  bodies  which  were  inclo- 
fed,  is  found  in  the  veflcl  after  cooling.  From 
hence  it  has  been  concluded,  that  water  is  compo- 
fed  of  vital  and  inflammable  air,  and  that  there  is 
not  required  any  phlogifiic  fubfl:ance,  in  order  to 
explain  the  pha^nomcna  of  burning. 

That  there  is  an  immenfe  produ£lion  of  light 
and  heat,  w  here  the  two  conftituent  principles  of 
water  arc  united,  is  allowed;  and  hence  moft^  chc- 
mifts  are  perfuaded  of  the  exiftence  of  a  combina- 
tion of  fire  with  the  compofing  parts,  ditferent  from 
what  is  called  latent  fire,  and  conftituting  what 
they  call  phlogifton.  This  is  explained  in  the 
French  theory,  by  the  term  calorique,  ufingthe 
term  here,  as  nearly  fynonimous  to  latent  fire; 
But  in  this   fcnfe,  the  explanation  is  inadequ; 
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for  the  common  dod:rine  of  latent  iire  does  not^ 

fccm  lufEcient  for  the  folution  of  the  phacnomena^ 

For  the  materials  mixed  in  this  experiment  do  noc 

unite    without  inflammation^  and  when  made  to 

unite,   by  being  kindled^  there  are  certain  appear-t 

ances  not  to  b^  explained  by  the  theory  of  latent  heat* 

Now  here  it  becomes  an  objed  of  inquiry^ 

^hat  ingredients  vital  and  inflammable  air  con* 

tain,    which  prevent  their  union.     Confiftent  with 

what   is  known  of  the  laws  of  nature,  this  cannoc 

be  attributed  to  their  latent  fire. 

It  is  by  this  that  they  are  maintained  in  their 
daftic  date ;  it  cannot  therefore  be  fuppofed^  that  an 
increafe  of  elafticity,  and  of  courfc  latent  fire,  can 
be  any  means  of  feparating  that  fire ;  that  when 
more  is  wanted  to  maintain  them  in  that  flate,  what 
they  have  already  Ihould  be  feparated  from  them, 
or  even  that  an  increafe  of  fenfible  heat  fliould  be 
the  caufe  of  feparating  the  latent  fire. 

There  is,  indeed,  no  foundation  for  fuppofing 
that  the  conftituent  parts  of  water  in  this  experi- 
ment are  before  inflammation  kept  feparate  by  law 
.   tent  fire ;  but  tb^t  ihey  are  combined  zvitb  other 
Jubjlances  in  fomc  particular  ftate,  by  which  their 
natural  union  is  deftroyed.     This  leads  us  to  exa— 
'  mine  what  happens,  when  by   inflammation  the 
-inflammable Jiibftance  is  dejlroyed^  and  the  two  con-* 
ftituent  parts  of  water  are  united  together. 

Of  all  the  operations  of  man  exerting  his  flcill 
in  nature,  the  inflammation  of  combuftible  bodies 
is  mod  worthy  of  attention.  From  a  fmall  quan- 
tity of  matter,  he  produces  an  immenfe  power  of 
heat ;  from  nothing  almoft  he  makes  an  artificial 
fun,  and  difpenfes  light  without  the  aid  of  any 
thing,  but  what  is  in  the  compofition  of  the  bodyi 
to  be  burned. 

man  does  on  this  oecafion  ?- 

11  the   reft  is  done  by; 

ity  of  light  and  heat  ii 

thus 
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thus  produced,  and  the  greateft  poflible  change 
takes  place  in  what  remains.  The  light  and  heat 
which  before  had  been  in  the  combuftible  materi- 
als, are  now  difperfed  in  the  univerfe,  and  what 
remains  of  thofe  bodies,  has  loft  the  power  of  pro- 
ducing light  and  heat. 

Here  is  a  fource  of  power  of  which  man  has 
availed  himfelf ;  by  knowing  the  laws  of  nature, 
he  rends  the  hardeft  rocks,  and  raifcs  rivers  of  wa- 
ter from  the  bottom  of  his  mine,  by  the  adion  of 
heat  produced  in  the  inflammation  of  combuftible 
bodies. 

But  no  fooner  is  the  combuftion  completed, 
than  the  body  has  lojl  ii*s  power  of  inflammation,  it 
is  left  a  mafs  of  gravitating  matter,  no  longer  fer- 
viceable  to  man  as  an  addition  to  his  natural 
ftrength.  How  then  is  the  body  to  recover  this 
power?  It  was  by  emitting  heat  and  light,  that  the 
burning  body  loft  it's  power ;  it  was  by  applying 
fire,  that  the  decomposing  operation  was  excited. 
We  cannot  therefore  look  for  the  reftoration  of 
that  power  by  means  of  fire  or  heat.  Nothing  but 
the  operations  in  nature  can  reftore  again  that  pow- 
er, by  fupplying  it  with  a  phlogiftic  fubftance, 
again  to  be  confumed,  by  which  a  body  is  formed, 
which  may  in  a  fimilar  manner  be  fcrviccablc 
to  man  and  the  world. 

Light  and  heat  have  been  feparated  on  the  uni- 
on of  the  two  airs  in  forming  of  water,  and  there 
is  no  reafon  for  prefuming  that  the  latent  fire  was 
the  caufe,  which  prevented  their  union ;  and  fiir- 
ther  on  inquiry  it  will  be  found,  that  there  is  no 
reafon  to  fuppofe,  that  the  matter  feparated,  and 
ading  as  heat  and  light,  was  what  had  been  retain- 
ed before  as  latent  fire. 

That  the  latent  fire  of  thcfe  aeriform  fubftances 
would  be  fufiicient  to  heat  a  folid  body,  equal  to  the 
moft  intenfe  degree  of  incandefcencc,  will  be  rca- 

dUr 
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dily  granted.     But  you  muft  remember  in  the  cafe 
before   us,  that   where  the  vater  is  formed,  and 
iieat  appears,  the  two  aeriform  fluids,  or  rather  the 
water  into  which  they  are  changed,  dpcs^jiQi  con-^ 
f  r//^  into  a  folid  fubftance,  but  is  at "firlt  in  the 
foiTn    of  a    vapour    or    fteam,  -  which  occupies 
asrnuch  fpace  as  the  two  aeriform  fluids  did,  be- 
fore they  aded  on  one  another,  and  will  therefore 
require  the  whole ^  or  nearly  the  whole  of  their  latent 
fire,  to  give  it  that  form,  without  being  made  fen* 
fibly   hotter  than  they  were  before ;  but.the  flafh, 
and  other  phaenomena  in  the  operation^  Ihew  that 
there  is  a  fudden  manifcftation  of  heaty  when  the 
watery  vapour  is   formed;      This  cannot  be.  pro- 
duced by  this  latent  fire,  which  only  becomes  fen-, 
fible,  when  the  fluid  'containing  it  is  coridenfol 
or  cgngealed. 

Latent  fire  cannot  be  the  caufeof  the  inflam-4 

mation  which  takes  place  Aipon  the  corapofitioh  of 

water,    for  on  this  fuppofition,  they  mufl:  have 

emitted  the  light  and  heat,  either  in  their  conden- 

fed  ftate  of  water,  or  in  the  flate  of  vapor i fie  ex- 

panfion.     If  in  the  condenfed  ftate,  the  luminou* 

body  muft  be  exceeding  fmall,  which  is  not  the 

cafe,  being  a  great  flame..    If  on  the  other,  they 

emit  it  in  the  expanded  ftate,  they  emit  a  quantity 

which  we  cannot  fay  was  their  latent  fire,  for  their 

claftic  fluidity  ftill  fubfifts,  to  which  flate  it  is  ab-» 

folutely  necelfary.     It  muft  therefore  proceed  from 

fomc  other  modification  of  the  folar  fubftance  or 

fire  in  their  bodies,,  which  may  with  propriety 

be  called  a  phlogiftic  fubftance,  before  it's  emiffioi\ 

from  thefe  aeriform  bodies,  as  it  is  certainly  fire 

the  moment  it  is  fet  at  liberty. 

Befides,  there  are  foliddenfe  fubftances  (as/«/- 
pbur  and  iron)  which  can  be  fuppofed  to  hold  but  lit- 

rt  fire,  which,  when  they  are  kindled  in  vital 
t  apparently  as  much  light  aqd  heat  as  if 
they 
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they  had  been  fubftaaccs  in  an  extremely  e^cpailded 
ftate:  {othBX.  if  latent  heat,  be  the  caufe,  it  muft  be 
attributed  to  the  air  alone ;  on  which  imreafbnable 
ftippofition,  che  inflammable  air  in  the  experiment 
we  have  been  confidering  would  contribute  nothing 
fo  the  produdlion  of  light  and  heat* 

According  to  the  French  theory,  charcoal  is 
confidened  as  an  uncompcmnded  fubftance,  which, 
in  burnings  is  ilippofed  to  be  fimply  combined 
with  vital  air  t  htre  aljo  the  light  and  heat  produ- 
ced in  bunung  the  charcoal,  remain  to  be  explain* 
ed;  forher)£*  infiead  of  finding  an  expand vc  fluid 
lendered  concrete,  we  find  a  folid  concreted 
fixbftance  expanded  into  the  elaftic  fonn  of  fixed 
air.  We  have  therefoie  to  inquire  how,  on  the 
new  theory,  they  can  account  not  only  for  the 
light  and  heat  of  burnings  but  for  the  Latent  fire 
required  to  maintain  the  elaftic  fluid*  It  muft 
explain  the  creation  of  the  light,  the  fenfible  heat^ 
and  the  latent  fire. 

If  more  were  neoeflary  on  this  head,  I  might 
refer  you  to  Mr^  Bcrthollet   himfelf,  the  foui^kr 
and  fupporter  of  the  French  fyftem,     lo  his  trea^ 
tife  on  the  art  of  dying,  he  owns  **that  the  receive 
ed  principles  of  heat  can  only  be  confidered  as  fup- 
pofitions/*    After  this  confeflion,  it  ^s  to  be  hoped 
the  advocates  for  the  new   theory  will  be  more 
fnodeft,  and  not  fo  hafty,  as  to  confider  it  demon* 
ftratcd.    Again,  we  find  him  own   in  the  fame 
work,  that  *'  the  heat  of  combu(]tion  does  not  pro* 
eeed  folely  from  the  viul  air,  but  is  alfo  furnifhcd 
J)y  the  burning  body." 

This  is  confeffing  all  that  we  contend  for, 
namely,  that  in  combuftion  the  light  and  btat  is 
furniriied  partly  by  the  combuftible  body,  partly 
by  the  vital  air ;  but  the  greateft  quantity  by  th^ 
combuftible  body.  Thus  is  the  difpute  reduced  tp 
#n€  of  words,  and  as  far  as  relates  to  this  point 


Digitized  by  viiOOQlC 


>Taturc  and  Propertixs  or  Firi«     35^ 

the  Cjaiorfqut  comtin/  is  nothing  more  than  pbtdgif^ 
$im>  QT  the  inflammable  principle. 

Before  I  conclude  this  partj  I  (hall  lay  before 

you  a  pafiage  of  Mr.  de  la  Metherie^  which  coiw 

firms  what  has  been  already  mentioned;  namely^ 

that  it  is  not  the  latent  fire  that  fupports  the  elaAi<^ 

fiai:e  of  viial  air.    He  iirft  ihew»  that  this  aflertioq 

is  contrary  to  their  x>wn  theoiy,  the  proof  of  which 

would  lead  me  into  an  uninterefting  detail ;  he  thea 

ihews  that  the  effeds  of  vital  air  cannot  arife^  frosf^ 

the  combined  caloriCyWhich  renders  this  air  elaftics 

for  there  are  numerous  phenomena  where  vital  air, 

not  being  in  an  elafiic  ftate,  produces  the  fame 

effect.     The  vital  air  in  the  nitroua  acid,  in  the 

dephlogifticated  marine  acid,  and  in  metallic  calxes^ 

is  not  in  an  daftic  fta,te,  yet  produces  the  fame 

effects  as  when  it  is.     AH  the  combinations  of 

nirfe  with  combuftible  bodies  burn  with  adivity. 

What  a  quantity  of  light  and  heat  is  difengaged 

from  gunpowder  by  the  fmalleft  fpark  \     if  the 

powder  be  made  with  dephlogifticated  marine  falts^ 

it  will  inflame  and  explode  merely  by  fridion,  &c. 

&:c.     M.  dc  la  Metherie   brings    forward  many 

other  important  inflances  to  prove  the  fame  point. 

1  (hall  mention  but  one  more:  the  caloric  (fire)  that 

keeps  vital  air  in  an  eiaftic  Aate^  does  not  differ 

from  the  caloric  which  fupports  other  gaffes  in  the 

fame   ftatc;  why  do  they  not  alfo   exhibit  light 

and  heat  when  they  lofe  their  elaftic  (late  ?     From 

.  thefe  reafons  it  is  plain,  that  we  muft  not   con-> 

fider  the  efieifls  of  vital  air  in  combuftion  as  owing 

Hto  the  combined  fire,  which  is  the  caufe  of  it*« 

clafticity. 

Senfible  heat  and  latent  fire  are  mutually  con- 
vertible ;  but  from  what  has  been  faid,  as  well  ag 
from  other  reafons,  it  feems  clear,  that  there  is  not 
^  fufficient  quantity  of  commutable  fire  in  viul  air 
tp  explain  the  incandefcence  of  bodies;   and  con- 

fequently. 
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fcqucntly,  that  they  do  not  bum  on  account  of 
latent  fire.  But  I  Ihall  alfo  now  (hew  you,  that 
when  bodies  emit  light,  in  confcquencc  of  the  de- 
compofition  of  their  phlogiftic  fubftance,  this 
luminous  matter  had  not  been  derived  immediately 
(rom  any  fpecies  of  heat ;  but  that  it  is  a  luminous 
cm^Qation  proper  to  the  decompofition  of  phlo- 
giftic; fubftance,  and  is  the  fenfiblc  efFeft  and  proof 
of  that  operation. 

This  is  proved,  firft,  by  fhewing  that  when 
inflammable  bodids  in  a  ftate  of  vapour  are  kindled, 
it  is  not  the  vapour  heated  to  incandefcencc  that 
$mits  the  light,  bi^  the  intenfe  illumination  that 
gives  the  beat.  Secondly,  bodies  which  have  no 
more  than  the  cornmon  temperature  of  the  atmo- 
fphere,  may  emit  light  by  the  emiflion  of  their 
phlogiftic  fubftance.  , 

No:W'by  confidcring  the  flame  of  a  candle,  you 
will  find  proofs  of  the  firft  cafe.  For  if  it  be  the 
emiflion  of  light  which  heats  the  elaftic  fluid  in 
contad  >yith  the  luminous  body,  we  ftiall  find  a 
fteam  of  intenfcly  heated  vapour  afcending  along 
the  fl^me  of  the  candle,  without  having  the  power 
to  emit  light.  That  thisris  the  caufe,  you  may  eafily 
proye.  Take  a  fmall  bit  of  clay,  like  a  grain  of 
corn,  fufpend  it  by  a  flender  wire  above  the  flame , 
of  a  candle  ;  and  let  a  fcreen  be  placed  near  the 
candle,  fo  as  to  hide- the  flame ;  and  you  will  per- 
ceive^ that  the  ftream  of  heated  air,  which  has  no 
power  of  illumination,  will  heat  the  little  body 
to  incandefcencc  at  a  confiderable  diftance  above 
the  flame. 

Light  may  be  emitted  on  the  decompofition 
of  phlogiftic  fubftartces,  not  only  without  fuffi- 
cient  intenfity  of  heat  to  form  incandefccnce  in 
any  body,  but  without  any  perceptible  increafe  of 
heat  in  the  body,  which  is  to  emit  tbclight. 

Examples 
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Exaunplcs  of  this  may  be  taken  in  living  ani- 
mals, which  have  a  power  of  emitting  light;  alfo  in 
the  dead  bodies  of  animab  and  vegetables  going  td 
decay.  It  is  alfo  well  illuftrated  by  a  chemical 
fubflancei  phoiphorus;  no  body  burns  more  fiercely 
than  this,  when  ic  is  kindled.  Yet  it  may  be 
decoihpofed  by  atmofpheric  air,  without  bumii^ 
in  the  ordinary  mafmel',  that  is,  without  acquiring 
any  fenfible  degree  of  heat,  far  lefs  of  one  capable 
of  cauiing  incandefcertce :  this  change  however  ia 
not  effciSed  without  the  body  emitting  it's  p^ilogif- 
ton  in  ihc  form  of  light.  Now  where  are  we  to 
feck  for  this  luminous  mattet,  but  in  the  rcfdution. 
of  die  f^iogiftic  fubftance  ?  I  have  fhewn  that  at^ 
mofpheric  air  docs  not  give  it  in  the  form  of  com- 
mutable  latent  fire.  It  does  not  proceed  from  the 
ijYcreafed  degree  of  fenfible  heat ;  we  arc  therefore 
conftrained  to  believe,  that  in  the  decompofition 
of  the  phlogiftic  body,  the  folar  fubftance  which 
had  been  detained  in  the  phlogiftic  compofition  is 
liberated,  and  efcapes  in  the  form  of  light. 

Thus  it  is  plain,  that  phlogijlic  bodies  contain  a 
certain  quantity  of  the  matter  of  light  and  heat,  in  a 
different  Jiate  from  that  in  which  the  fame  matter  is 
employ  edy  either  in  the  fluidity  of  expanfton  of  bodies, 
and  which  is  not  transferable  in  the  manner  offenfi^ 
hie  heat :  and  this  may  be  properly  termed  their* 

PHtOGISTIC  PRINCIPLE. 

That  this  fubftance  has  not  weight,  can  only  be 
received  as  an  objeftion  by  thofe  who  admit  the 
univerfaliQ^  of  gravitation  in  matter,  but  can  have 
no  influence  upon  thofe  who  deny  this  principle. 

From  what  has  been  faid  we  may  now  gdin  % 
clearer  view  of  the  different  modifications  or  flate 
of  the  matter  of  heat  and  light  in  bodies. 

Senfible  heat  is  fire  in  a  ftate  in  which  it  is 
transferable  among  bodies  communicating  together 
by  immediate  contadt;  every  additional  quantity  in-> 

Vol.  I.  a  a  <jreafea 
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crcafes  the  volume  of  the  body,  the  abftradion  of 
it  diminifhes  the  volume ;  it  alfo  produces  in  feiw 
fitive  bodies,  the  fcnfation  of  heat  and  cold. 

Latent  Jire  is  of  two  kinds  ;  that  of  fluidity, 
and  that  of  elafticity.  The  heat  of  fluidity  is  that 
quantity  or  modification  of  Are,  which,  without 
cither  affecfling  the  volume  or  the  fenfe,  caufes  flu- 
idity ;  that  is,  converts  a  hard  concreted  body  iato 
a  fluid  deftitute  of  hardncfs  or  concretion.  This 
has  nothing  to  do  with  the  prefent  cafe,  as  the  bo- 
dies are  equally  fluid,  before  and  after  burning. 
The  heat  of  fluid  elafticity  is .  that  portion  of 
the  commutable  and  transferable  fubftance  of  fcn- 
fible  and  latent  fire,  which,  inftead  of  increafing 
the  volume  in  a  fmall  degree,  or  deftroying  the 
hardnefs,  feparates  it's  parts  indefinitely,  and  by 
which  they  acquire  anelaftic  and  expanfivc  power. 
You  have  feen  that  the  heat  .of  burning  bodies 
does  not  arife  from  the  latent  or  expanding  heat  of 
the  oxygenous  gas. 

This  famous  experiment  of  burning  the  two  airs 
in  the  forming  of  water,  Ihews  that  the  phlogiftic 
matter  in  the  compofition  of  bodies  neither  adds 
to  their  gravitation,  nor  impairs  their  weight ;  for 
In  this  experiment,  the  quantity  of  light  and  heat 
is  fo  great  a  thing  in  proportion  to  the  weight  of 
the  inflammable  bodies,  that,  if  this  fugitive  fub- 
fl^ancc  had  any  eflfe<5t  upon  the  gravitation  of  thofe 
bodies  to  the  earth,  it  mufl:  have  been  fenfible  up- 
on this  occafion. 

Bodies  which  poflefs  the  quality  of  being  emi- 
nently refolvible  in  giving  light,  are  called  inflam- 
mable, or  combufl:ible bodies;  but  as  it  is  often  nc- 
ccilary  to  give  a  name  to  this  transferable  fubflance, 
chcmifts  have  termed  it  phlogifton^ 

Of  the  Production  or  Phlogiston. 

As  phlogift:ic  bodies  lofe  their  peculiar  fub- 
ilance  by  a  general  and  ncceflary  operationt  there 
'         ^  muft 
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htiuil  be  another,  or  contrary  operation  in  nature^ 
iwhcreby  they  regain  it;  For  as  this  fubilancei 
w^hateverit  be  calledi  is  wafted  iii' burning  of  bo^ 
diesj  there  muft  be  another  operation  by  which  it 
mull  be  renewed. 

It  IS  in  animal  and  vegetable  fubftstnccs  that  ^e 
mull  leek  for  this  produdtive  operation;  for  waiter  is 
not  more  eflential  to  the  conftitution  of  tliefe  orga-* 
nized  bodies,  than  phlogiftic  matter  by  which  they 
may  be  made  to  burn. 

Phlogiftic  matter  is  abfolutely  neceilary  toani^ 
mal  life,  for  animals  muft  have  a  fource  of  heat^ 
which  in  the  oeconomy  of  their  nature  nluft  be  in 
perpetual  wafte :  of  the  deftrudion  of  phlogiftic 
liibllance,  the  cdnfumption  of  vital  air,  which  ne-* 
ceflarily  happens  in  the  breathing  of  animals,  is  a 
fullicient  proof.  This  vital  principle  of  the  at- 
mofphere  performs  the  fame  liindtion  in  the  lungs 
of  animals,  as  in  the  experiment  by  which  the  rege- 
neration of  water  appears  to  be  fo  beautifully 
proved.  Here  then  is  alfo  a  wafte  of  atmofpheric 
air,  which  muft  b^  again  feftoii'ed  to  the  fyfteni  of 
nature. 

Animal  bodies,  in  Whpfe  operations  phlogifton 
is  confumed^  arc  fupplied  immediately  with  this 
fubftance  for  their  food.  But  as  all  animals 
are  ultimately  fed  on  vegetable  fubftances,  we 
are  led  to  look  to  vegetation^  or  the  procefs  by 
which  thefe  fubftances  are  produced.  It  is  here  wm 
are  to  difcover  the  fource  of  this  transferable  fub- 
ftance, 
which  I 
heat. 
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wWch  plants  arc  to  be  fuftaincd.  The  folid  rocl^,r 
the  moveable  fand,  the  fluid  wind,  arc  all  cquallf 
adapted  to  the  fervice  of  the  vegetable  fjrftem  ;  a 
fyHcm  fo  contrived,  as  to  find  in  every  climate^ 
proper  foil,  as  well  as  in  every  foil  proper  cM- 
/nate. 

But  foil  alone  wilT'not  lupply  !Fhe  neceflfarics 
of  life  to  Vegetable  bodies ;  tlie  wholefomc  i-nflit- 
tnc^  of  the  air  is  as  neceffary  to  them  as  to  animah, 
although  it  fcems  to  ad  on  each  in  a  different  man- 
ner. We  have  now  therefore  to  ejcamine  how  far  the 
air  corrupted,  in  it*s  neceffary  ufeby  animals  and 
burning  bodies,  (hall  be  reftored  by  that  operarion 
of  aptent,  in  which  the  air  is  fequ^iwjd  as  a  neccf- 
fery  condition. 

That  the  atmosphere  is  pH rifled  by  growings 
vegetables,  was  a  natural  conjefture ;  tWs  is  now 
Ycrified  by  the  accurate  experiments  of  Dr.  Ingen- 
houz,  and  the  beautiful  theory  of  Mr.  Lavoifier, 
on  the  compofition  of  water.  By  thefe  we  find^ 
that  in  vegetation,  pWogiftic  matter  is  prepared, 
and  vital  air  given  out. 

,  Plants  mufl:  receive  their  phlogiftic  matter,  ci- 
pher ift,  from  the  foil  into  which  their  roet^extend ; 
or  2dly,  from  the  atTnofphere  in  which  they  grow ; 
or  3dly,  muft  generate  it  within  rhemfelves,  by 
Aieans  of  nrmteriah  received  from  without. 

With  re(pe<5l  to  the   firft  means,  it   Js  well 

fenoVvn,  that  the  fertility  of  vegetable  foil  is  ex- 

ticly  increafedby  the  addition  of  phlogiftic  fub- 

K:es,  fuch  as  are  found  in  animal  and  vegcta- 

bodies;  but   thefe    being  ftill  ultinuitdy  of 

etable  produdtion,  it  would  be  in  vain  to  look 

e  for  a  four<:e  of  phlogifton'  to  repair  the  genc- 

wafte. 

Let  us  now  therefore  fee,  what  fuppUesHttljpbe 

ained  from  the  atmofphcre  ;  and  .  here  ymj^i0 

\  our  view  towards  the  influence  ^£fij^JMi|f 
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€hc  phtogiftkration  of  vegetable  .  bodies.     Whea 
you   fur>'ey  the  earth  covered  with  fuch  varioiw 
bribes  of  plants,  and  whea  you  obferve  th^  diiFer- 
<nt  foliage  of  thcrfe  organized  bodies,   extended 
ifcuth  fuch  art  as  if  defigned  f  hat  no  ray  of  lighf 
n^ight  cfcape  without  paying  it's  tribute  to  vegcta- 
;Ckm  ;  and  when  you  join  to  thi«^  the  faculty  that 
plants  have  oi  turaio^  their  leaves  always  to  the 
light ;  fhou'ld  we  not  then  conclude,  that  the  cxpor 
ling  a  large  furface  to  the  atmofphcre  for  perfpi ra- 
tion Ui  not  the  oaJy  purpofe  for  which  the  foliage 
of  plants,  correfponding  to  the  Jungs  of  animals, 
hsii  been  intended. 

But  more  than  probability  is  obtained,  whei^ 
we  confider  the  invigorating  power  of  light  on 
plants,  independent  of  ihe  effe'ds  of  heat  and  air, 
and  the  neceffity  of  this  luminous  fubftance,  though 
not  to  the  life  or  vegetation  of  plants,  yet  to  the 
proper  increafe  and  produdion  of  vegetable  fub- 
ftances.  Here  then  is  the  place^  where  the  comr 
bination  of  the  folar  fubftance  is  made  fqr  the  pror 
duction  of  phk^iftic  matter. 

To  be  perfedly  affured  of  this,  let  us  examine 
whether  there  is  any  effed  proper  tophlogiftic 
inatter,  which  uniformly  attends  xhe  expolition  of 
vegetable  bodies  to  the  folar  light,  and  exifts  only 
in  confequence  of  this  illuminating  caufe.  Now 
there  is  no  efFeft  of  phlogiftic  matter  in  bodies 
jBore  certain,  than  colour,  or  blacknefs,  by  which 
the  incident  light  is  more  or  lefs  abforbed  m  the 
fubftance  of  a  body.  Hence  the  produdion  of  a 
coloured  fubftance  in  a  body  which  was  not  co- 
loured before,  may  be  confidered  as  zr\  evidence 
ithat  phlogiftic  matter  has  been  compofed  in  that 
body. '  fiSit  this  is  the  cafe  with  plants ;  they  only 
grow  coloured,  or  acquire  the  green  colour  of 
Uieir  kaves^  la  confequence  of  b^i^  expofed  to 
ffae  }.ight. 

A  a  3  This 
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This  colouring  fubftancc  is  not  produced  in 
confequcnce  of  vegetation  alone ;  for  plants  may 
vegetate  in  the  dark^  without  acquiring  this  co- 
lour. It  18  not  the  effeft  of  heat,  like  the  black- 
nefs  produced  in  a  white  vegetable  fubftancc, 
jplaccd  in  the  focus  of  a  burning  lens,  becaufe  plants 
growing  in  the  dark,  may  have  equal,  or  more 
heat,  than  thofe  growing  in  the  light,  without 
acquiring  any  coloured  fubftancc. 

This  theory  ipay  be  confirmed  alfo  by  obferv- 
ing  the  efFe<9:s  of  the  fun's  rays  upon  dead  and  liv- 
ing plants.  To  the  living  bodies,  it's  efFedlsarc  to 
give  colour ;  on  the  other  to  difcharge  it.  It  is  in 
the  organized  body  of  the  living  plant,  that  phlo- 
giftic  matter  is  formed  by  the  combination  of  the 
lolar  fubftancc. 

If  you  iind  the  reftoration  of  vital  air  in  the  at- 
mofphere,  proceeding  in  the  fame  progreflion  with 
phlogiftic  fubftancc,  yoii  may  conclude  that  this  \% 
the  means  ertiplbyed  by  nature  in  re-eftablift^jng  the 
falutary  quality  of  theatmofphere.  This  and  other 
truths  are  proved  by  the  fatisfadlory  experiments 
bf  Di*.  Ingenhouz. 

Flaht$  growing  in  the  fun,  emit  from  their  leaves 
a  pifre  vitalair,  whereat  growing  in  the  dark,  the 

{)rodu(5tion  of  this  fubftancc,  as  well  as  that  of  co- 
our,  is  interrupted. 

Thus  as  ill  the  decompofmg  of  phlogifton, 
whether  bjr  breathing,  or  by  burning,  the  atmo-^ 
fpheric  air  is  corrupted ;  fo  again,  ort  compounding 
phlogifton,  by  the  growing  of  vegetable  bodies 
cxpofcd  to  the  light,  the  atmofphere  is  reftorcd  to 

it's  nature.  -   ^     .    * »         

So  much  beauty  of  order  and  contrivance  have 
been  difcovered  in  the  oecohomy  of  animal  and 
vegetable  bodies  fuftaining  then^felves  in  forming 
i  certain  circulation  of  matter,  and  enxployjng  the 
" '  ^-    ;     great. 
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great,  the  general  agents  of  this  world,  air,  light, 
HEA.T^  tKat  nothing  can  be  more  interefting  qr 
important  in  the  ftudy  of  nature. 

It  may  be  neceflary  to  examine  an  obje^ioa 
whick  may  be  made  to  this  theory,  from  the  expe* 
riments  of  Sir  Benj.  Thompfon,  who  procured  pure 
vital  air  in  great  quantities  by  expofing  iilk  and 
\arious  other  bodies  in  funftiine  to  the  water.  His 
experiments,   when  confidered,  will  be  found  to 

§ive  additional  proof  to  this  theory;  he  dpes  in* 
ecd  Ihew  another  fource  for  vital  air  befides  what 
IS  procured  from  the  vegetation  of  the  inclofed 
leaves^  but  he  by  no  means  fhews  that  vital  air  is 
procured  without  vegetation;  for  vital  air  is  never 
procured  without  water  becoming  green  and  turbid; 
but  when  we  find  the  water  becoming  green,  and 
animalcules  appear,  have  we  not  then  every  reafon. 
U>  prefume  that  the  animalcules  have  been  fed  on 
plants^  and  that  thofe  plants  emitted  vital  air  ? 

When  in  ftudying  the  fyftcn^  of  nature,  wc 
obferve,  that  every  thing  is  in  acStion  for  fome  pur- 
pofe;  that  oppofite  powers  are  continually  ballan* 
cing  each  other,  of  alternately  prevailing;  and  that 
the  general  end  in  view  is  to  contribute  every  f hing 
requiiite  for  the  neceflities,  for  the  convcniej^Cjes  of 
animal  life ;  we  find  ourfelve^  pleafed  with  this  fub- 
jcd  pf  contempl^fion,  and  intereiled  in  what  re- 
latter  to  nature. 

We  may  now  endeavour  f o  take  a  general  view 
of  that  contrivance  which  may  be  perceived  in  the 
means  employed  by  Divine  Providence  for  the 
important  operations  of  fuftaining  animal  life,  and 
forming  of  the  inert  mafs  of  this  earth  a  living 
world. 

In  this  fyflen)  of  organized  matter,  ii^Mch  i$ 
comprehended  in  the  idea  of  the  world,  fbe  emana^ 
thn  qf  matter  from  the  Jun  may  be  confidered  as  one 
^  ^^f  P^iPff  tnovers  of  the  machine.  At  the  f^rnc 
A  a  4  tirnc. 
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time,  gravitation,  which  is  another  of  thofe  powers, 
would  foon  bring  all  the  matter  of  this  machine  to 
reft,  and  would  lock  up  every  body  in  a  ftatc  of 
the  moft  abfolute  inaftivity.  Confequently,  if  wc 
reafon  confiftently  with  our  own  ideas,  it  is  not 
cither  by  the  one  or  other  of  thofe  two  great  agents 
alone  that  the  natural  operations  of  this  work!  arc 
conducted,  but  by  the  joint  adion  of  them  both ; 
each,  at  the  fame  time^  having  it's  peculiar  office, 
which  it  is  the  biifmcfs  of  fcience  to  diftinguifh. 

Thus  that  great  agent  which  regulates  our  fJa- 
nctary  fyftcm,  and  gives  life  to  nature,  a<fb  upon 
the  fiirface  of  this  earth ;  and  it  there  performs 
different  operations,  according  to  the  various  con- 
ditions in  which  it  acts.  Under  the  form  of  heat, 
it  feparates  and  diftends  unorganized  matter  orfim- 
pie  bodies,  and  it  fufpends  the  hardnefs  or  parti- 
cular attractive  powers  of  their  fubftance.  Or-r 
ganized  and  fenlitive  bodies,  again,  it  aflfefts  with 
the  fenfations  of  light  and  heat ;  but  in  another 
Ipecies  of  organized  living  bodies,  that  is,  plants, 
which  have  no  fenfe,  no  knowledge,  no  means  of 
underftanding,  it  produces  peculiar  effecfb;  it 
paints  the  various  colours,  fo  to  fpeak,  of  their 
diftinguilhable  parts  ;  it  gives  them  their  peculiar 
virtues,  which  are  various  fpecific  taftes  and  fmdls; 
and  it  ftores  them  with  a  certain  fubftance,  from 
which  they  derive  the  general  property  of  occafion- 
ally  txciting  light  and  heat. 

from  this  fublunary  ftore,  then,  of  the  folar 
fubftance,  we  are  to  look  for  the  emanation  of  fuch 
virtues  as  belonged  to  the  parent  power.  Accord- 
ingly, in  plaiits  thus  prepared  by  the  hand  of  Pro- 
vidence, are -placed  the  fuftenance  of  animal  life, 
and  all  the  comforts  which  attend  a  living,  feeling, 
and  perceiving  being. 

For  this  purpofe  of  cheriftiing  life,  it  is  ne- 
ccllary  to  diftribute  to  animals,  f-  -^  *^^  vegeu^ 
'^         3  ble 
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We  ftorc  of  nature,  heat  and  light  proportioned  to 
tY\eir    ncccflities,  and  apportioned  to  the  various 
purpores  for  which  thofe  adlive  powers  are  allot- 
ted.     This  adtive  principle,  then,  is  amply  pro- 
vided   to  animals  in  their  food;   and,  while  the 
grovring  bodies  of  thofe  animals  are  increafed  with 
the   neceflary  nutriment  which  comes  from  plants, 
avail  times  the  vital  fun<ftions  are  properly  fuftain- 
cd  with  that  fubfhmce  which  had  been  originally 
of  vegetable  produAion. 

But  in  order  to  accomplilh  thofe  deligns,  this 
IbVar  fubftance  ftored  in  the  vegetable  bodies  muft 
be  refolved  from  it's  confined  ftate,  and  this  muft 
be  performed  according  to  fome  meafured  opera- 
tion.     It  is  here  that  fo  much  wifdom  or  contri- 
vance is  to  be  perceived  in  the  operations  by  which 
anknals  acquire  their  heat,  and  by  which  bodies^ 
naturally  opake,  are  made  to  imitate  the  luminary 
of  the  world^  and  to  fupply  his  place  for  all  the 
purpofes  of  life. 

Suppoiing  thofe  fads  to  be  fufficiently  evin- 
ced,, let  us  now  extend  our  views  into  the  general 
fyflem  of  material  things^  in  applying  thofe  inve- 
ftigated  principles  of  acftion  to  the  neceifary  opera- 
tions of  this  world. 

Here  is  an  objeft  highly  worthy  of  our  atten- 
tion. To  contemplate  a  fyftem  in  which,  while 
the  various  purpofes  of  a  world  fo  bountifully  pro- 
vided for  are  ferved,  there  is  exhibited  a  ftill  more 
interefting  profpecl ;  it  is  that  of  finding  perfec- 
tion manifefted  in  each  part  of  nature.  Now,  thii 
muft  be  the  cafe,  fo  far  as  in  this  great,  in  this 
am^Tir^rtVxr  r^^wr*^Ur^^*-0»^A  machine,'  we  can  fee  no 

Scient  form,  no  unappro- 
uperfluous  power.  If  wif. 
I  machine,  if  order  is  efta- 
f  multiplied  and  minuteft 
bafon  to  fuppofe, )  how  plea« 
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fant  is  it  to  behold  the  manifeftation  of  unboiindcit 
power  condudtcd  with  benevolent  dcfign !  What 
fatisfadion  to  an  intelligent  mind  to  obfcrve  pcr- 
fe<a  order  in  the  moft  complicated  parts  of  nature; 
to  trace  th^  ^efficient,  as  well  as  to  perceive  the 
final  caufe ;  and  to  fee  the  wifdom  in  which  ends 
have  been  benevolently  chofen,  and  means  cfFec- 
tuaUy  appointed  for  the  accomplifliment  of  thofc 
cnd^  I 

If  the  wifdom  of  man  is  to  be  employed  in 
€ondud:ingfcienceibrthe  greateft  benefit  to  human 
nature,  what  end  can  be  propofed  more  effedual 
for  producing  happinefs  in  a  thinking  beings  thaa 
is  the  manifejiation  of  a  Supreme  Power ^  who  acils 
with  j-uftice  and  with  wifdom?  But,  in  finding 
the  perfecfl  adjuftment  of  ends  and  means  in  every 
part  of  nature,  we  neceflarily  conclude,  that  there 
is  a  fuperintending  Being,  whofe  power  and  wifdom 
far  exceed  the  comprphenfion  of  our  fubofdinatc 
capacity. 

It  IS  not  to  evince  thofe  metaphyfical  and 
moral  truths  that  the  phyfical  fyftem  of  things  is 
here  inquired  into;  but  it  is  the  phyfical  fyftem 
that  I  would  now  fupport  by  metaphyfical  and 
moral  arguments  ;  being  perfuaded  that  thofc  dif- 
ferent branches  of  fcience,  when  taken  in  a  philo- 
fophical  or  general  view,  ferve  to  throw  mutual 
light  upon  each  other. 

It  muft  not  be  alledged,  that  natural  philolbphy 
is  not  concerned  with  final  caufes;  the  contejnplaihn 
tfends  without  means  would  add  nothing  to  the  value 
er  lufire  of  human  wifdom  ^  and  far  L£Ss  would  the 

KNOWLEDGE    OF    AfEANS   WITHOUT    ENDS.       It    muft 

not  appear  idle  fpeculation  to  difcovcr  the  con- 
neftion  of  efficient  and  final  caufes ;  for,  as  in 
feeing  means  properly  adjuflied  to  an  end,  we  may 
perceive  the  wifdom  of  Providence,  fo,  inacknow-f 
iedging  this  wifdom,  we  may  find  fomc  means  pf 

trying 
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trying  every  theory  with  refpeft  to  phyfical  caufes : 
for,  every  law  of  nature  being  thus  necelFarily  con- 
ceived to  be  in  wifdom,  we  have  in  this  a  rule  by 
which  to  try  every  pretended  law  of  nature.  Now, 
chough  we  may  not  thus  pofitively  difcover  what 
we  want  to  know,  we  may  negatively  attain  our 
^nd,  in  diftinguiftiing  what  is  erroneous. 

This  world  confifts  in  a  fyftem  of  moving 
bodies,  actuated  by  a  caufe,  and  tending  to  an 
cfFeA  ;  that  is,  in  a  defign,  where  ends  have  been 
contrived,  and  means  are  appointed  for  condudling 
to  thofe  ends.  Here  is  a  propofition  which  Ihould 
be  well  examined ;  for  thus  may  be  underftood  the 
proper  objeA  of  natural  philofophy,  which  is  the 
general  fcienceof  things.  Philofophy  is  not  em- 
ployed in  tracing  the  fpecial  order  of  events  in  the 
progrefs  of  changing  things  :  this  is  the  province 
of  the  particular  fciences.  The  proper  purpofe  of 
philofophy  is  to  fee  the  general  order  that  is  efta- 
bliihed  among  the  different  fpecies  of  events,  by 
which  the  whole  of  nature,  and  the  wifdom  of  the 
f)^em,  is  to  be  perceived. 

Whether  we  conceive  this  world  as  a  mecha- 
nical machine,  effecting  it's  purpofe  by  the  apti- 
tude of  it's  various  parts ;  or  as  a  chemical  procefs, 
changing  the  fenfible  qualities  of  the  different 
bodies  of  which  it  is  fo  properly  conftrufted ;  there 
.are  neceffarily  required  powers  in  order  to  adtuatc 
that  moving  fyftem  in  which  we  live.  Now,  here 
we  may  perceive  two  different  powers;  gravitation, 
on  the  one  hand,  by  which  all  the  parts  of  this 
material  fyftem  ihould  be  preferved  in  one  united 
mafs ;  and  heat,  on  the  other,  by  which  means 
reft,  the  ultimate  effedt  of  gravitation,  ftiould  be 
removed  from  this  united  mafs  containing  organized 
living  bodies.  When,  on  the  one  har^,  gravita- 
tion is  fuppofed  td  prevail,  bodies  are  made  to  form 
an  inert  mafs,  in  which  could  be  no  fyftem  or  no 

change. 
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change.  When  heat  again  prevails,  bodies  itft 
difperfed  as  matter  moving  infpace  without  a  pro- 
per purpofc :  but  by  a  juft  combination  of  thoft 
two  different  powers,  we  find  nK>veabIe  and  moving 
bodies  properly  difpofed  in  a  great  and  connected 
fyftem  of  things,  where  a  circulation  of  matter  i$ 
eftablifhed,  where  the  defti-udiort  of  every  indi- 
vidual thing  is  only  the  means  employed  for  repro- 
ducing others  of  the  fame  fpecics,  and  where  the 
natural  tendency  of  every  living  thing  i%  to  pre- 
fervc  itfelf,  and  thus  to  maintain  that  order  of 
things  which  is  perceived  in  this  world. 

Without  the  influence  of  the  fun,  this  worM 
would  remain  aa  ufelefs  mafs  of  inert  matter;  bur 
with  that  influence,  which  is  difl:ributed  fo  wifely 
in  the  diflferent  regions  of  this  earth,  we  find  mo- 
tion  is  excited  among  the  invifible  parts  of  bodies, 
plants  are  made  to  grow,  and  animals  are  enabled 
to  live,  and  find  the  means  of  puffuing  their  vari- 
ous oeconomy :  but,  in  the  abfence  of  the  fun,  there 
is  required  fire ;  this  is  an  inferior  fourcc  of  lighf 
and  heat ;  and  this  is  a  fubordinate  caufe  of  ackion 
or  efficiency  in  that  mafs  of  gravitating  matter 
which  otherwife  would  be  inert. 

Now  it  is  not  poflible  to  explain  th;s  fourcc 
of  aftion,  this  necelfary  caufe  of  vital  motion,  upoi^ 
gravitating  principles  alone ;  for  however  we  may 
multiply  and  combine  attraftive  caufes,  nothing 
will  hence  rcfult  but  reft,  as  the  end  or  the  effott 
But  this  is  not  the  cafe  when  we  confider  this  mafi 
of  gravitating  matter  aduated  by  that  powerful 
influence  which  appears  to  be  derived  from  the 
fun,  and  which  counteracts  that  tWKiency  to  reft 
itihercnt  in  the  matter  of  this  globe.  Here  we  hav^ 
two  moving  caufes  conftantly  operating  in  tM 
fyftem;  powers  varioufly  oppofing  each  other*! 
adion,  and  alternately  prevailing ;  confcquently  9 
caufe  for  adion  and  rc-adian,  without  any  abfo- 

lute 
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kite  reft.  Thus  thofe  oppofing  powers  confpire  to 
form  a  fyftcmsvr ic  order  in  material  things,  an  order 
of  moving  bodies,  whieh  neither  of  thofe  cauft^s 
fingly  cotild  have  accompliftied,  and  an  order  of 
Kfc  and  circulation,  -which  the  conftant  adtion  of 
the  one  power,  and  the  continual  or  repeated  in- 
fluence c^  the  other,  certainly  maintains. 

It  ifr  in  tracing  the  various  fteps  in  this  fyften* 
of  material  things,  (a  fyftcm  fubfervient  to  our 
fenfe,  and  conducive  to  the  enlargement  of  our 
intellcdl,)  thaft  natural  philofophy  is  employed. 
However,  therefore,  the  mere  chemift  may  take 
for  granted,  or  as  principles,  fire  and  heat,  with- 
out iiiquiring  into  their  caufc,  a  natural  philofopher 
nmft  explain  from  whence  it  i&  that  heat  fhould 
come  on  all  occafions,  and  how  that  heat  is  to  be 
employed  in  the  fervice  of  the  fyftem.  Hence  the 
fctrs  cHf  beat  and  cold,  of  condensation  and  expan- 
lion,  of  the  retenfion  and  emiflion  of  light,  arc 
equally  ncceflary  in  the  fyftem,  and  proper  to  be 
known  in  the  philofophy  of  nature,  as  is  the  mea- 
furing  of  that  power  by  which  the  planets  arc 
prefcrved  in  their  orbits,  or  by  which  is  efta- 
blifhed  the  fpherical  figure  of  this  globe. 

Thus  the  fyftem  of  this  world  depends  on  vc* 
getation.  Vegetation,  again,  depends  on  lights 
as  well  as  on  heat;  and  both  thefe  requifitc  con- 
ditions are  procured  by  the  influence  of  the  fun : 
but,  for  vegetation,  light  and  heat  are  no  more 
neceflary  than  as  a  proper  fupply  of  humidity,  and 
other  requifif  e  conditions  which  are  obtained  from 
the  atmofphere.  Thciref^re  it  is  here  neceflary  to 
fee  that  particular  law  of  nature  on  which  the  prof- 
perity  of  plants,  and  the  ceconomy  of  living  bodies, 
depend. 

How  much  reafon,  then,  have  we  to  admire 
Ac  fyftem  of  Providence !  We  fee  and  feel  with 
okafnise  the  ends  which  are  attained ;  and  we  never 

fail 
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fail  to  be  gratified  in  proportion  as  wc  comprehei^ 
the  means  uhich  are  employed.  The  circumvo- 
lution of  our  globe,  in  a  fyftem  of  planetary  bodies^ 
rendered  it  neccffary  that  we  Ihould  have  day  and 
night,  fummer  and  winter,  that  is^  alternate  fca- 
fons  of  light  and  darknefs ;  the  neceflities  of  our 
animal  nature  required  the  provident  feafons  of 
ipring  and  au^unm ;  and,  to  feniitive  beings^  the 
occafional  abfence  of  the  fun  demanded  a  fubor-> 
dinate  fource  of  light  and  heat.  Now  all  thcfc 
ends  appear  to  be  attained  by  the  proper  adjuft- 
ment  of  the  two  different  fpecies  of  matter,  viz. 
of  that  by  which  bodies  are  expanded^  and  made 
loft  or  fluid,  and  of  that  by  which  they  gravitate, 
and  become  hard  and  folid ;  of  that  matter  by 
which  they  are  naturally  cold  and  dark;  and  of  that^ 
again,  by  which  they  may  occafionally  become  hot 
and  luminous.  It  is  in  thefe  effects  that  we  are 
enabled,  firfl:,  to  read  the  laws  of  gravitation  and 
chemical  attradlions ;  fecondly,  to  form  a  judg^ 
ment  with  regard  to  the  nature  of  the  mat-ter  which 
is  confidered  as  flowing  from  the  fun ;  and,  laftly, 
to  fee  the  various  modifications  of  that  folar  fub- 
flance  by  which  the  inert  bodies  of  this  world  arc 
aftuated,  contrary  to  the  natural  tendency  of  thtir 
gravitating  matter. 
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LECTURE    IX. 

I 

Of  Firb. 

IT  will  be  my  endeavour,  in  this  LetShjrc,  to  ex- 
plain to  you  fome  other  properties  of  that 
wonderful  element,  firt,  with  which  all  bodies  in 
nature  are  imbued,  furrounded,  and  penetrated, 
and  which  fills  up  every  interval  between  their 
particles.*  The  ancient  heathen  philofophers, 
when  they  contemplated  the  wonderful  privilege 
of  man  in  enjoying  the  ufe  of  the  element  of  fire, 
perfuaded  thcmfelves  it  was  a  privilege  too  great 
for  man*s  eftate  in  this  world,  and  that  it  was 
originally  ftolen  from  heaven,  and  that  the  very 
theft  was  the  crime  which  brought  all  manner  of 
evil  into  the  world.  ' 

Ladantius,  a  chriftian  father,  among  other 
arguments,  to  (hew  the  fuperiority  of  man  in  the 
creation,  and  the  immortality  of  his  nature,  pro- 
duces this,  that  of  all  the  creatures  known  to  us, 
man  is  the  only  one  who  has  the  command  and  ufe 
of  the  element  of  fire.  He  is  familiar  with  that 
heavenly  fubftance,  without  which  there  is  neither 
light  nor  life,  while  the  mod  ferocious  of  beads 
arc  alarmed  by  it,  and  fly  from  it.  He  is  entrufted 
with  a  power  moft  like  to  that  of  God  himfelf,  who 
has  the  direction  of  all  the  elements;'  he,  therefore, 
has  a  privilege  which  diftinguilhes  and  fets  him 
above  all  other  creatures.  How  dreadful  would  it 
have  been  if  brute  creatures  had  been  entrufted  with 
the  fame  liberty,  if  there  had  been  the  ufe  of  fire 
where*  there  is  not  the  ufe  of  reafon  !  Sorry  am  I 
to  add  to  Lad;^ntius,  that  in  this,  as  in  every 
odier  inftance,  nun  too  often  abufes  the  liberty 
^ith  which  he  is  blefled,  and  perverts  it  to  the  de- 

ftrudion 

^  I^voifier  Elemen.  Chein«  p.  185. 
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ftruftion  of  his  fellow  creatures.     Happy  will  iyc 
the  day  when  men,  inftead  of  flattering  themfclve^ 
with  the  enjo\'ment  of  abftradl  rights,  fliall  con- 
fider  their  rcfpcdive  duties,  and  employ  themfelvea 
in  fubduing  their  own  paflions,   inftead  of  railing 
evil  and  malignant  difpofitions  in  others:    them 
would  all,  under  every  form  of  government,  enjoy 
jfeal  liberty,  liberty  to  do  all  poflible  good,  and  be? 
rcftrained  from  all  evil ;  and  thus  there  would  be 
fafety  to  the  perfons  and  properties  of  every  indi- 
Tidual.     Give  me  leave  to  introduce  a  paffiige  on 
this  fubjecfl  from  a  writer  whom  I  ihouid  be  happy 
to  introduce  to  your  acquaintance,  as  a  real  friend 
of  liberty  and  freedom  of  thought,  whofe  writings 
arc  charafterized  by  their  peculiar  and  unafFcfted 
candour,  great  good  humour,  and  found  reafon- 
ing;  a  writer  who  at  times,  as  in  the  following 
paffage,  can   innocently  fport  and  play,  and  at 
other  times  employ  all  the  mafculine  energy  of 
truth  in  protecting  virtue,  or  deteding  falfehood. 
Speaking  of  liberty,  he  thus  accoftsher:  *^Hail 
glorious  liberty  ?  the  choiccft  privilege  of  imperial 
man !  the  prerogative  by  which  ,  he  exercifes  his 
dominion  over  this  fublunary  kingdom !  thou  de- 
lighteft  to  dwell  in  this  my  native  land,  the  happy . 
Britain  !  whofe  fons  in  former  times  haye  ftruggled 
hard  for  thee,  enduring  diftrelTcs,  toils,  and  bloody 
confli<!>s,  that  diey  might  tianfmit  thy  bleffings  to 
US  their  children.    Thou  haft  fnapped  fhort  the  iron 
rod  of  defpotic  fway,  broken  through  the  enormous 
rule  of  many  made  for  one,    and  taught  power 
wherein  it's  real  ftrength  and  true  glory  confifts. 
Thou  haft  dragged  tongut-ticd/uper/iition  at  tlty 
chariot-wheels,  and  bound  in  fetters  that  daftard 
flave  implicit  faith,  that  ufed  to  fetter  the  very 
thoughts  of  men.     Thou  openeft  the  chambers  of 
fciencc,  burfting  afunder  the  ipfe  dibits  that  had 
barred  tip  more  thaa  half  the   avemies.     Thou 

cleareft 
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clearcft  away  the  film  from  our  eyes,  that  we  may 
fee  for  ourfelves  ;  and  ftrengtheneft  our  feet  that 
we  may  walk  without  a  leading-ftring.  O  let  us 
never  part  with  the  valuable  inheritance  our  an- 
c eft ors  have  left  us ;  nor,  I  truft,  fhall  we  ever  let 
it  flip  out  of  our  hands :  let  us  only  beware  that  wc 
be  not  beguiled  by  falfe  appearances,  nor  enticed 
away  from  our  goddefs  by  a  phantom  reprefenting 
her  likenefs. 

For  there  are  counterfeits  abroad,  pretenders 
that  aflume  thy  robe  and  geftures.     The  mimic  ape, 
licentioufne/s,  imitates  thine  intrepid  air,  and  con- 
fident gait.    The  blatent  beajl  prophancs  thy  daring 
language   with   his  unbridled    tongue.     Conceited 
-perlnefs  teaches  the  new  loofened  fchool-boy,  and 
the  novel-ftudied  girl,  the  fcorn  of  tutorage  and 
controul.     Irreverent  fanaticifm,  ill-copier  of  thine 
cafy  carriage  before  fuperiors,  rufhes   with  faucy 
familiarity  into  the  council-chamber  of  heaven. 
And  lion-{kinned/r^^-/i6/»^/^^,  fafe  affedor  of  thy 
bravery,  infults  whom  thou   haft  difarmed,   ten 
times  flays  the  flain,   and  claims  to  be  the  folc 
gatherer  of  thy  fpoils.     They  range  the  world  with 
a  boirterous  rabble  tagging  at  their  heels ;  clamour, 
arrogance,   mifreprefentation,  perverfenefs,  cavil, 
intemperate  j eft,  loud-laughing  mockery,  and  hood- 
winked mifrule.     They  fpare  not  things  facred  nor 
prophane,  but  pludk  the  grey  beard  of  experience, 
tear  the  prelate's  lawn,  revile  the  rulers  of  the 
people,  and  fpare  not  the  Lord's  anointed.    The 
unlucky  monkeys  tofs  all  about  them  iti  confufion, 
and  grin  at  the  wild  work  they  make ;   they  fcatter 
abroad    fire-brands  aiid  arrows,  and  cry.  Are  we 
not  in  fport  ?  They  delight  to'trip  up  the  unwary,  or 
entangle  the  feeble  in  their  webby  filaments,  and 
then  chuckle  with  joy  to  fee  the  perplexities  they 
have  occafioned. 

But  thou,  genuine  liberty,  offspring  of  all-*] 
Vol.  I.  B  b  tc<: 
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tedling  Jove,  and  lifter  of  Uranian  Venus,  who 
difpenfeth  his  bleflings  from  her  horn  of  plenty, 
thou  lovcft  order  and  decency ;  for  thou  knoweft  the 
world  is  upholden  by  order,  and  the  blifs  of  heaven 
maintained  by  free  obedience.  Therefore  thou 
Tecommendeft  regularity  and  fubordination  to  the 
fons  of  men:  thou  ftandeft  upon  /jzv  and  ordinance 
as  thy  bafes;  rule  and  authority  as  thy  iiipportcn; 
'  found  reajon  and  uniform  prudence  as  the  ground 
thou  walkeft  upon  ;  difcretion  and  cautious  referoc 
go  before  as  thy  harbingers;  and  much^ndurini 
charity  dcparteth  not  from  thy  fide.  The  modcft 
virgins  warn  thee  which  way  to  diredl  thy  fteps, 
that  thou  hurt  not  the  fimple,  or  cover  thee  with 
veils  that  thou  give  them  not  offence ;  for  when 
thou  walkeft  forth  in  the  fields  of  fpeculation,  or 
ft:retcheft  thy  ken  to  the  fources  of  ufeful  fcience,thc 
weak-fighted  cannot  fuftain  thy  piercing  look,  nor 
the  feeble  ftand  againft  the  brufti  of  thy  fturdy 
tread/'* 

Of  the  Firing  of  Gunpowder. 

The  fuddcn  explofiori  or  detonation  of  gunpow- 
der is  the  next  efted:  of  fire  which  we  have  to  con- 
fider,  an  effeft  which  gave  rife  to  the  preceding 
reflections.  Detonation  is  a  fpeedy  and  rapid  in- 
flammation, which  occafions  a  noile  by  the  inftan- 
taneous  formation  of  a  vacuum. 

Gunpowder  is  a  compofition  confifting  oifalt- 
fetrCf  fulphur^  and  "charcoal :  a  mixture  whofc 
powerful  efl^eds  arc  derived  from  it's  great  combuf- 
tibility.  The  principal  things  to  be  confidered  in 
making  of  gunpowder,  are  the  goodncfs  of  the 
ingredients,  the  manner  of  mixing  them,  the  pro- 
portion in  which  they  are  combined,  and  the 
drying  of  the  powder  after  it  is  made. 

oaltpetrc  and  fulphur  mixed  together  give  no 

explofion ; 
;  Tucktr's  Lfght  of  Nature  purfucd.    Vol.  a,  part  3.  p.  v^ 


Digitized  byCjOOQlC 


NaTUXB   and   pROPEtTI^S   OP   PlKt.        ^^t 

explofion ;  fulphur  and  charcoal  give  no  explolion  j 
and  though  faltpetre  and  charcoal,  when  intinmtely 
united,  do  give  an  explofion,  yet  it  is  probably  of 
far  lefs  force  than  what  is  produced  from  a  mix- 
ture of  the  three  ingredients. 

If  faltpetre  be  expofed  to  a  ftrong  heat,  it 
melts,  and  becomes  red-hot,  and  the  volatile  pro- 
dud  is  fouiid  to  coniift  of  fuming  nitrous  acid,  a 
large  quantity  of  vital  air,  fome  phlogifticated  air, 
th«  alkali  remaining  behind. 

When  a  combuftible  fubftance  and  fahpetre 
be  brought,  into  contadl,  either  of  the^n  being 
prcvioufly  heated  red-hot,  the  body  is  heated  with 
great  rapidity ;  no  doubt  from  the  vital  air  which 
is  difengaged  by  the  heat,  as  the  experiment  fuc- 
ceeds  in  vacuo,  and  alfo  when  the  bodies  arc  fur- 
rounded  by  an  aeriform  fluid  incapable  of  main- 
taining combuftion. 

The  rapid  coinbuftion  effedled  by  nitre,  when 
it  is  performed  by  a  fucceflive  burning  of  the  parts 
of  a  body,  is  called  deflagration ;  when  it  is  per- 
formed in  fo  Ihort  a  time  as  to  be  nearly  inftanta- 
neous,  it  is  called>  as  was  obferved  before,  detonation. 

It  is  remarkable  in  this  experiment,  that  the 
combuftion  is  hmintained  by  the  vital  air  combined 
with  the  nitre :  it  is  this  property  of  the  faltpetre 
that  has  been  applied  to  the  produdion  of  gun- 
powder. 

This  deftrudive  powder  h  compofed  of  75 
parts,  by  weight,  of  nitre,  9  i  of  fulphiir,  and  15  ^ 
of  charcoal ;  thefe  fubftancesare  intimately  blended 
together  by  being  triturated  from  ten  to  fifteen 
hours  in  wooden  mortars,  with  peftles  of  the  fame 
fubftance  ;  a  fmall  quantity  of  water  is  added  from 
time  to  time  to  moiften  the  mixture ;  when  the 
whole  of  the  fluid  is  evaporated,  fo  that  the  powder 
will  not  foil  an  earthen  plate,  it  is  carried  to  be 
granulated,  which  is  efitcfted  by  pafling  it  through 
Bb  2  ficv€s 
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fieves  whofe  perforations  are  of  various  fizcs ;  and 
thcfe  being  fhaken  or  rolled  in  a  barrel,  take  a 
rounded  form  from  their  frid:ion  againft  each 
other. 

From  the  experiments  of  Mcflrs.  Beaiimc  and 
D'arcy,  it  is  clear,  i .  That  good  gunpowder  cannot 
be  made  without  fulphur.  2.  That  charcoal  is  in- 
difpenfably  neceflary.  3.  That  the  quality  of  gun- 
powder depends,  ceteris  paribus,  upon  the  care  with 
which  the  materials  are  blended  together.  4.  That 
the  efFed:  of  gunpowder  is  greater  when  fimply 
dried,  than  when  it  is  granulated. 

All  the  phenomena  which  attend  the  inflan>- 
mation  of  gunpowder,  depend  entirely  on  ifs  great 
combuftibility.      The  intimate  mixture  which  has 
fo  great  an  influence  on  the  force  of  gunpowder,  is 
the  principal  caufe  of  it's  efFeds ;  the  nitre  is  equal- 
ly dif[>erfed  among  all  the  particles  of  very  com- 
buftible  matter;  as  the  quantity  of  nitre  is  greateft, 
each  particle  of  fulphur  and  charcoal  is  furrounded, 
and  as  it  were  covered  with  nitre.     Nitre  affords, 
by  the  application  of  heat,  great  quantities  of  vi- 
tal air.     The  fame  thing  therefore  happens  in  this 
corabuftion,   as  is  obfcrved,    when  a  combuftiblc 
body  is  plunged  into   a  vcflcl  filled  with  vital  air; 
that  is  to  fay,  it  is    burned  with  greater  vivacirjj, 
and  in  lefs  time,  than  in  common  atmofpheric  air. 
It    fnllows   therefore,    that   the   fulphur  and  the 
oal  muft  be   burned   in   an   inftant,    being 
ed  in  an  atmofphere  of  vital  air.     Hence  the 
dccompofiti«>n  of  nitre,  and  the  rapid  inflam- 
n  of  the  pov\der.  This,  together  with  it's  ta- 
place  in  clofe  veffcls,  may  in  a  great  degree 
nt  for  the  violent  force  with  whichit  explodes, 
rives  every  obftaclc  before  it. 
The  quantity  of  fire  difcngagcdat  the  moment 
:cnaubn  contributes  confiderably  to  the  cx- 
t  eftcdt  of  gunpowder.     Although  fire  pene- 
trates 
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tratcs  through   the  pores   of  every  fubftancc  in 
nature,  it  can  only  do  fo  progreffively,  and  in  a 
given  time :  hence  when  the  quantity  difengaged  at 
once  is  too  large  to  get  through  the  pores  of  the 
furrounding  bodies,  it  muft  ncceflarily  adt  in  the 
fame  way  with  ordinary  elaftic  fluids.     This  muft 
at  ieaft  take  place  in  part  when  gunpowder  is  fcr 
on  fire  in  a  cannon ;  for  although  the  metal  is  per- 
meable to  fire,  the  quantity  inftantaneoufly  difen- 
gaged is  too  large  to  find  it^s  way  through  it's  pores; 
it  muft  therefore  make  an  effort  to  efcape  on  every 
fide  ;  and  as  the  fuf  rounding  refiftance,  except  at 
the  muzzle,  is  too  great  to  be  overcome,  this  effort 
is  employed  in  expelling  the  bullet. 

Fire  produces  a  fecond  effed  from  it*s  expan- 

five  force,  which  caufes  the  aerial  fluids  difengaged 

at  the  moment  of  deflagration  to  expand  with  a 

degree  of  force  proportioned  to  the  temperature. 

It  is  probable" alfo  that  a  quantity  of  inflammable 

air  is  difengaged  at   the  inftant  of  deflagration, 

which  expanding  contributes  to  the  force  of  the 

cxplofion.     You  will  eafily  conceive  how  greatly 

this  circumftance  muft  increafe  the  effedt  of  the 

powder,  if  you  confider  that  a  pint  of  inflammable 

air  weighs  only  one  grain  and  two  thirds ;  hence 

a  fmall  quantity  in  weight  muft  occupy  a  very  large 

fpacc,  and  muft  exert  a  prodigious  expanfive  force 

in  palling  from  a  liquid  to  an  aeriform  ftateof  ex*. 

iftence.     1-aftly,  a  portion  of  undecompofed  water 

is  reduced  to   vapour  during  the  deflagration  of 

gunpowder;    and  as  water,  in  vapour,    occupies 

17  or  1800  times  morfc  fpace  than  in  it's  liquid 

ftate,  this  circumftance  muft  alfo  contribute  largely 

to  the  explofive  force  of  the  powder. 

The  permanently  elaftic  fluid  generated  in  the 
firing  of  gunpowder,  is  calculated  by  Mr.  Robins 
to  be  about  244,  if  the  bulk  of  the  powder  be  i  j 
and  that  the  heat  generated  at  the  time  of  the  ex- 

Bb  3  plofion^ 
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plofion,  occafions  the  rarified  air  thus  produced  to 
occupy  about  looo  times  the  fpace  of  the  gunpow- 
der. This  preflure  may  therefore  be  called  equal  to 
I  GOO  atmofpheres,  or  6  tons,  upon  a  fquare  inch. 

We  are  told  of  a  fingular  circumftance  which 
attends  the  firing  of  gunpowder ;  that,  although  it 
feems  to  generate  it's  own  air,  and  expand  by  the 
force  of  it's  own  materials,  a  feed  of  the  common 
thiflle  with  it's  down,  or  any  other  light  body,  fuf- 
pended  near  fired  gunpowder,  is  always  driven 
inwards  towards  the  poMfder  before  it  is  driven  off 
by  the  explofion. 

The  eflfeda  of  this  mixture  are  nothing  in 
comparifon  with  thofe  of  another,  QzWtd  fulminating 
^(ywder :  which  is  made  by  rubbing  together  in 
a  hot  marble  mortar,  with  a  wooden  peftlc,  three 
parts  by  weight  of  nitre,  two  of  mild  vegetable  al- 
kali, and  one  of  flowers  of  fulphur,  till  the  whole 
is  accurately  mixed.     If  a  drachm  of  this  powder 
be  expofed  to  a  gentle  heat  in  an  iron  ladle;  it  melts, 
and  foon  after  produces  a  detonation  as  loud  as  the 
report  of  a  cannon.     This  phenomenon  is  the  more 
extraordinary,  as   the  elFecS:   thereof  is  produced 
without  inclofing  the  powder  in  any  inftrument. 
It    is*  explained  by  obferving,     i.  That  this  ex- 
periment only  fucceeds  by  gradually  heating  the 
mixture  fo  as  to  melt  it.     2.  That  irfulminating 
powder  be  thrown  on  ignited  charcoal,  it  only  de- 
tonates like   nitre,    but    with   very    little   noife. 
*?.  That  a  mixture  of  liver  of  fulphur  with  nitre, 
oportion  of  one  part  of  the  former  and  two 
:  latter,  fulminates  with  more  rapidity,  and 
ices  as  loud  a  report  as  the  mixture  of  fulphur, 
and  alkali.  Hence  it  appears,  that  when.ful- 
ing  powder   is  heated,  liver  of  fulphur  is 
?d  before  the  detonation  takes  place ;  and  this 
srve  to  account  for  the  whole  appearance, 
^nflamm^bk  air  is  formed  from  the  li^ 
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fulphur,  while  the  fait  gives  vital  air;  thcfe  two 
are  capable  of  producing  a  ftrong  inflammation^ 
and  are  fet  on  fire  by  a  portion  of  the  fulphur ;  but 
as  the  thick  fluid  they  are  obliged  to  pafs  through 
prefents  a  confiderable  obftaclc,  and  as  the  whole 
takes  fire  at  the  fame  inftant,  they  fl:dke  the  air 
i«^ith  fuch  rapidity,  that  it  refills  in  the  fame  man- 
ner as  the  chamber  of  a  mufltet  rdifts  the  expan* 
lion  of  gunpowder.  A  proof  of  this  is  obfervablc 
in  the  cflbd:  the  fulminating  powder  has  on  the 
bottom  of  the  ladle  in  which  it  explodes.  -The 
bottom  of  this  is  bulged  outwards,  and  the  fides  are 
bent  inwards,  in  the  fame  manner  as  if  it  had  been 
aded  on  by  a  force  diredbed  perpendicularly  down- 
wards, and  laterally  inwards. 

The  mojl  furprizing  inftance  of  chemical  detona^ 
tion  is  that  by  the  combination  of  volatile,  alkali 
with  filver;  gunpowder,  and  fulminating  geld, 
are  not  to  be  compared  with  this  new  produdl ;  as 
x)\i  former  reguires  ignition,  and  the  latter  a  fen- 
fible  degree  or  heat,  to  m^ke  it  fulminate.  But 
the  ilightcft  aeration  or  fridion  is  fufficient  to 
caufe  the  fulmitiatioig  filver  to  explode,  tf^en 
it  is  once  obtained,  it  can  no  longer  he  touched.  The 
falling  of  a  few  atoms  of  this  preparation  fpom  a 
fmall  height,  produced  the  detonation :  a  drop  of 
water  falling  on  it  had  the  fame  eff€<ft.  No  attempt, 
therefore,  can  be  made  to  inclofe  it  \n  a  bottle, 
but  it  tnufl:  be  let  alone  in  the  capfule,  wherein,  by 
evaporation,  it  dbtained  this  terrible  property.  To 
make  this  experiment  with  fafety,  no  greater  quan-» 
tity  than  a  grain  of  filver  Ihould  be  ufed,  and  the  laft 
deficcation  fliould  be  made  in  a  metallic  veflel,  and 
the  face  of  the  operator  defended  by  a  maflc,  with 
holes  for  the  eyes  defended  by  ft:rong  glafs.  The 
explofion,  as  in  the  former  infl:ances,  depends  upon 
the  fudden  formation  of  aerial  fluids. 

Bb4  Gf 
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Of  Solution. 

This  is  another  operation  of  fire,  uhich 
is  conneded  more  or  lefs  with  every  pheno- 
menon in  nature.  When  the  part§^,of  a  folid 
body,  as  common  falf  or  fugar,  are  fo  united 
to  a  fluid  as  water,  that  they  compofe  with  It  an 
appj^rently  homogeneous  fluid,  remain  fufpcnded 
in  it,  and  do  not  defl:roy  it's  tranfparency,  the  folid 
body  is  faid  to  be  dijfolved  in  the  fluid  ;  the  opera- 
tion is  czWcd  folution^  the  fluid  is  called  thc/o/vent, 
or  more  commonly  ihe  menftruum  ;  the  compound 
refulting  from  the  union  of  the  fluid  and  the  body, 
is  called  a  folution  of  this  or  that  body,  in  this  or 
that  menftruum. 

In  chemiftry,  the  terms  folution  and  dijfolution 
have  long  been  confounded,  and  have  very  impro- 
perly been  indifcriminately  employed  for  cxpreffing 
both  the  divifion  of  the  particles  of  a  fait  in  afuid^ 
fuch  as  water,  and  the  divifion  of  metals  in  an  acid. 
A  few  reflexions  on  the  eflfeift  of  thefe  two  opera- 
tions, will  foon  convince  you,  that  they  ought  not 
to  be  confounded  together. 

In  the  folution  of  falts,  the  faline  particles 
are  only  feparated  from  each  other,  but  neither  the 
fait  nor  the  water  are  at  all  decompofed ;  we  arc 
able  to  recover  both  the  one  and  the  other  in  the 
fame  quantity  as  before  the  operation.  The  fame 
thing  takes  place  in  the  folution  of  refins  in  alco- 
hol. On  the  contrary,  during  metallic  diflblutions, 
a  decompofition  either  of  the  acid,  or  of  the  water 
which  dilutes,  always  takes  place  ;  the  metal  com- 
bines with  the  acidifying  principle,  is  changed  into 
a  calx,  and  an  elaftic  fluid  is  difengaged,  fo  that 
none  of  the  fubftanccs  employed  remain,  after  the 
operation,  in  the  fame  ftate  as  before.  This  article 
is  confined  to  the  consideration  of  folution. 

The 
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The  neceflary  conditions  for  folution,  are  a 
certain  accommodation  of  the  parts  of  the  folvent 
to  thofe  of  the  folvend,  and  a  proper  degree  of  mo- 
tion or  igitatipn  to  apply  the  parts  of  the  one  to 
the  partsr  of  the  other  :  of  this  motion  fire  is  the 
general  Cv  ife.  You  may  illuftrate  this  by  an  eafy 
experiment :  if  you  place  a  ball  of  clay  in  cold 
water,  it'  remains  at  reft,  and  the  fluid  continues 
pure  as  before  ;  but  if  you  fet  this  water  over  the 
fire  till  it  boils,  the  clay  is  foon  difFufed  through 
it,  iind  the  whole  is  turbid  as  long  as  the  parts  of 
the  ^Vater  are  agitated  by  the  fire  ;  but  when  the 
water  grows  cold,  the  clay  fubfides  to  the  bottom^ 
and  leaves  the  water  clear.  The  parts  of  the  clay 
being  fpecifically  heavier  than  thofe  of  the  water, 
ought  to  fubfide  in  them ;  but  this  is  prevented  by 
a  motion  from  the  parts  of  fire.  If  they  are  pro- 
perly agitated,  they  arc  fufpended  in  the  fluid ;  and 
if  they  are  fufpended,  it  follows  that  they  are  agi- 
tated«  From  extraordinary  cafes  we  are  to  learn 
what  happens  in  thofe  that  are  ordinary.  It  is  here 
evident,  that  fire,  by  it's  motion,  feparat^s  and 
fufpends  the  parts  of  a  folid  body  in  a  fluid. 

Where  the  motion  of  fire  is  violent,  the  folu- 
tion  is  quickly  accomplifhed,  and  a  very  large 
quantity  of  the  folvend  is  fuft^ained  in  the  fluid 
medium.  Therefore,  in  all  ordinary  cafes,  where 
the  folution  is  flow  and  gradual,  and  the  quantity 
fufpended  is  but  inconfiderable,  the  fame  efFed  is 
produced  by  that  imperceptible  inteftine  motion, 
which  conftantly  agitates  the  atmofphere  and  all 
things  therein.  The  confl:ant  exhalations  from 
the  furface  of  water,  fliew  that  there  mufl:  be  a 
perpetual  motion  of  it's  particles  ;  and  moft  men- 
flruums  are  rendered  fuch,  and  derive  all  their 
adivity  from  fire,  which  co-operates  with,  and 
gives  them  their  proper  eff^ed:. 

All  falts  may  be  liquified  by  fire  alone,  but  with 
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different  degrees  of  temperature.  Some  of  thefe, 
as  the  acetated  pot-alh  and  foda,  liquiiy  iintha 
moderate  heat ;  whilft  others,  as  vitriol  of  Jjot-alh, 
lime,  &c.  require  the  ftrongeft  fires  that  can  be 
made.  This  liquifadionof  {aits  by  fire  produces 
cxadtty  the  fame  phenomena  as  were  explained  to 
you  when  I  treated  ^of  the  liquifiidiion  of  ic^. 
Fire  is  employed  and  fixed  during  the  mdting  of 
the  fait,  but  is  dif engaged  when  the  fait  coagulato. 
^hefe  are  general  phenomena  which  occur  univer/aUy 
during  the  paffage  of  every  /pedes  of/uijlance^  from 
of  olid  to  afiuidjiate^  and  from  fluid  tofhlid. 

The  phenomena  which  arife  in  the  folution  by 
fire  alone,  are  always  more  or  Icfs  conjoined  with 
thofe  that  take  place  during  folutions  in  water : 
and  the  nature  of  the  folution  of  a  (alt  by  fire, 
determines  the  nature  of  a  folution  by  water.  If, 
for  inftance,  a  fait  be  difficultly  foluble  in  water, 
and  readily  by  fire,  it  evidently  follows  that  it  will 
be  eafily  folved  in  hot  water,  though  not  in  cold. 
But  if  it  be  fcarce  foluble  either  in  water  or  by  fire, 
the  difference  between  hot  and  cold  water  will  be 
very  inconfiderable.  Thefe  confiderations  Ihcw,  rfiat 
there  is  a  neceffary  relation  between  the  folubility  of 
fait  in  water,  and  the  degree  of  temperature  at 
which  the  fame  fait  liquifies  by  fire,  unaffifted 
by  water  ;  and  that  tlic  difference  of  folubility  in 
hot  or  cold  water,  is  fo  much  greater  in  prc^xwtion 
to  it's  ready  folution  in  fire,  or  in  proportion  to  it's 
fufccpl:ibility  of  liquifadion  in  a  low  degree  of 
temperature.  Hence,  the  reafon  why  fklts  are 
more  rapidly  foluble  in  hot  than  in  cold  water,  is 
perfedlly  evident ;  in  all  folutions  of  falts  fire  is 
employed ;  when  fire  is  furnilhed  intermediately 
from  the  furrounding  bodies,  it  can  only  arrive 
llowly  to  the  fait ;  but  when  the  requifite  fire  exifts, 
ready  to  adt  with  the  water  of  folution,  it  operates 
directly  on  the  fait. 

That 
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That  the  power  of  folution  is  not  in  the  water, 
is  evident  from  the  following  experiment:  Let 
fome  water  boil  over  the  fire  in  a  glafs  veflel,  caft 
into  this  fea-falt  by  a  little  at  a  time,  and  you  will 
find,  that  after  a  large  quantity  has  been  diflblved, 
the  water  will  be  as  tranfparent  as  before ;  which 
Ihews  the  folution  to  be  perfect.  Then  let  the  vef- 
fel  be  removed  from  the  fire,  and  as  the  water  be- 
gins to  cool,  fome  fait  will  fall  to  the  bottom  ;  as 
it  approaches  nearer  to  the  temperature  of  the  air, 
more  and  more  of  the  fait  will  be  depolited ;  and 
hence  we  argue,  that  as  fire  keeps  the  larger  quan- 
tity fufpended,  what  remains  fufpended  atlaft,  is 
fupported  by  the  ordinary  effect  of  the  remaining 
heat ;  and  that  if  water  could  be  found  without  fire, 
it  would  be  without  the  power  of  folution.  And 
indeed  this  power  never  fails  to  leave  it  at  a  certain 
period,  as  when  the  water  is  frozen  into  ice;  bc- 
caufe  a  folid  mafs  cannot  a<5t  as  a  folvcnt.  The 
fame  medium  that  gives  it  fluidity,  makes  it  a 
menftruum,  and  it's  diflblving  power  increafcs  with 
it's  heat.  Water  is  therefore  a  folvent  only  as  far 
as  it  is  enabled  to  be  fo  by  fire,  and  confequently, 
in  fuch  folutions,  not  water  but  fire  is  the  agent. 

If  you  take  an  ounce  of  common  fait,  and 
throw  it  into  a  quart  of  water,  in  a  very  little  time, 
efpecially  if  the  water  be  ftirred,  the  fait  will  dif- 
appear,  being  uniformly  difp'erfed  through  the 
whole  body  of  the  water.  If  you  add  another  ounce 
of  fait,  that  willalfo  be  diirolved,but  not  fo  fpeed- 
ily  as  the  firft.  By  this  power  of  folution  you  may 
add  fo  much  fait  to  the  water,  that  it  will  not  dif- 
folve  one  particle  more  ;  the  water  in  this  ftate  is 
properly  enough  faid  to  h^faturated. ,  This  how- 
ever does  not  prevent  a  certain  quantity  of  another 
fait  being  diflblved,  and  after  that  perhaps  a  third 
or  a  fourth. 

Of 
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In  this  procefs,  the  integrant  parts  of  a  fblid 
body  are  fcparated  from  each  other  by  the  interven- 
tion of  a  Auid,  coalefce,  and  reproduce  a  folid  mafs^ 

When  the  particles  of  the  body  are  only  fepa- 
rated  by  fire,  and  thereby  retained  in  a  liquid  (late, 
all  that  is  neceflary  to  make  it  cryftallize^  is  to 
remove  a  part  of  the  firc>  which  is  lodged  between 
it's  particles,  in  other  words,  to  cool  it.  If  this 
refrigeration  be  flow,  and  the  body  be  at  the  fame 
time  left  at  reft,  it's  particles  aflfumc  a  regular  ar- 
rangement, and  crvftallization,  properly  fo  called^ 
takes  place.  But  if  the  refrigeration  be  made  ra- 
pidly, or  if  the  liquor  be  agitated  at  the  moment 
of  it's  pafTage  to  the  concrete  ftate>  the  cryftalliza- 
tion  is  irregular  and  coafufcd. 

The  lame  phenomena  occur  with  watery  (b- 
lutions,  or  rather  in  thofe  made  partly  in  water  and 
partly  by  fire.  So  long  as  there  is  a  fufficiency  of 
fire  and  water  to  keep, the  particles  of  a  body  afun- 
der,  the  fait  remains  in  afluidftate;  but  when 
thefeare  not  prefent  in  fufficient  quantity^  ihefalt 
recovers  it's  concrete  form,  and  the  cryftals  pro- 
duced are  more  regular,  in  proportion  as  the  eva- 
poration is  flower  and  undifturbed. 

All  the  phenomena  we  formerly  mentioned  as 
taking  place  during  the  folutionof  falts,  concur  in 
a  contrary  fenfe  during  their  cryftallization.     Fire 
is  difengaged  at  the  inftant  of  their  afTuming  a  fo- 
lid  ftate  :  a  further  proof  of  the   agency  of  fire. 
Hence  to  make  faltscryftallize,  which  readily  liquify 
by  means  of  fire,  it  is  not  fufficient  to  evaporate  the 
water,  but  the    fire  unittd   with  them  muft   alfo 
u^    -'-^oved.     Saltpetre,  alum,    &c.  &c.   are  in- 
in    which   to   make    the  falts   cryfl:aHize, 
ation  muft  be  added  to  evaporation.  On  the 
md,  fuch  falts  as  require  but  lit 
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kept  in  folution,  and  which  from  that  circumftance 
are  equally  foluble  in  cold  as  warm  water,  are  cryf- 
tallizable  by  evaporation  alone,  and  even  recover 
their  ftate  in  boiling  water.  The  feparating  mat- 
ter being  removed,  the  fairs  aflume  a  form  natural 
to  their  ftate,  or,  in  other  words,  cryftallize. 

Of  Clarification. 

This  is  efFeded  either  by  feparating  the  grof- 
fer  particles,  and  heterogeneous  matters,  from 
liquors,  h  as  to  leave  them  clear  and  tranfparent ; 
or  by  rediflblving  the  parts,  which  arc  tending  to 
a  precipitation,  that  they  may  be  equally  difFufed, 
fo  as  to  become  invilible.  When  the  precipita- 
tion is  occafioned  by  that  contradion  which  pro- 
ceeds from  cold,  heat  is  the  natural  remedy.  If 
wine  is  grown  thick  and  turbid  with  cold,  a  gentle 
warmth  will  promote  a  folution,  and  make  it  clear 
agaiiv  Urine,  when  exceedingly  turbid,  may  be 
reftored  to  it's  former  tranfparency,  by  applying  an 
lieat  equal  to  that  of  the  human  body.  Some  bo- 
dies are  purified  when  the  fire  carries  off  the  bafer 
part,  and  leaves  the  finer  :  thus  gold  and  filver  are 
purified  in  the  furnace.  Other  matters  are  purified 
by  the  fire  carrying  off  the  finer  part,  and  leaving 
thofe  which  are  too  grofs  to  afcend  :  thus  fea-wa- 
ter  is  made  frcfh  by  diftillation.  But  the  efted  of 
fire  is  never  more  manifeft  in  this  clarifying  work, 
than  when  it  raifcs  a  fcum  to  the  top  of  a  boiling 
liquor.  Fire  purifies  in  many  other  ways  known 
to  chcmift-painters,  dyers,  and  other  manufado- 
ries.  The  word  purity  is  beft  accounted  for  by 
deriving  is  from  ipu^,  fire,  becaufe  fire  is  the  grand 
agent  which  purifies  all  things. 

Of  Odours. 

Odours  arc  fo  generally  excited  and  even  ge- 
jverat.cd  by  the  adlion  of  fire  on  various  fubftances, 
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rittt  fome  of  them  feem  to  owe  their  exiftence  ta 
it.  The  powder  of  brimftonc  is  inodourous  when 
coki.  But  nothing  has  a  more  pungent  fmell  than 
the  vapour  thereof  when  opened  and  difRifed  bf 
fire.  Vinegar  has  but  little  fmell  in  the  common 
temperature  of  the  atmofphcre,  but  when  heated^ 
it  is  exceeding  ftrong  and  penetrating.  Little  or 
no  fmell  is  perceived  in  the  frefh  bone  of  an  animal; 
but  if  it  be  laid  on  the  fire,  the  fmell  will  be  dif- 
fufed  through  the  whole  houfe.  It  is  the  fame 
wiih  feathers,  which  are  intolerably  foetid  when 
Icorched  in  the  fire.  This  offenfive  Jmell  is  a  erite^ 
rion  of  animal  fubftzinceSf  as  diftinguifhed  from  ve^ 
gttablcy  and  has  been  ufed  to  determine  to  which 
of  thefe  kingdoms  the  corals  and  coralline  bodies 
belong,  that  are  taken  Qut  of  the  fea.  All  the 
odours  arifingfrom  putrifying  bodies  depend  much 
ttpon  the  adtion  of  heat ;  and  it  appears  to  be  the 
defign  of  Providence,  that  when  carcafes  are  moft 
ifubjeA  to  putrify,  and  become  noxious  with  the 
heats  of  fumrtier,  there  is  a  generation  of  flies 
fwarming  in  the  air,  ready  to  remove  all  offences 
as  faft  as  poflible,  by  a  voracious  breed  of  mag- 
gots. In  extreme  cold,  there  is  no  fmell  from 
dead  bodies,  becaufe  theVe  is  no  putrifaQion.  As 
the  moft  fragrant  liquors  when  frozen  emit  no  fmell, 
fo  the  carcafes  of  men  and  beafts  which  have  died 
upon  that  vaft  ridge  of  mountains,  the  Andes,  in 
South-America,  arc  reported  to  have  been  found 
untainted  for  many  years. 

Of  th^    different  METHObs  of  exciting  and 

COLLECTING     FtRE. 

There  are  fhree  methods  of  exciting  fire :  ift. 
By  the  coUifion  or  friiStion  of  folid  bodies.  2.  By 
fermentatioa  or  eflFcrvcfccnce.  3.  9y  i^mtiiig  the 
(blar  rays«  ^ 
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Collifion  or  fridion   of  folid  bodies^  is  the 

means  moft  generally  ufed  for  exciting  the  adioa 

of  fiorc;     The  vacuities  of  all  folid  bodies  arc  replete 

with  fire^  fo  that  it  is  impoflible  to  agitate  or  fepa*. 

rate  their  parts  fwiftly,    without  giving  the  fame 

xapid   motion   to   the   element  contained  within 

them.     When  a  piece  of  hardened  fteel  is  ftruck 

with  a  flint,  fome  particles  of  themetaj  are  fcraped 

away  from  the  mais,  and  fo  violent  is  the  fire  which 

follows  the  ftroke,  that  it  melts  and  vitrifies  thenr. 

If  the  fragments  of  fteel  are  catchcd  upon  paper> 

and  viewed  with  a  microfcope,  you  will  find  moft 

of  them  pcrfed  fpherules,  and  very  highly  poliih- 

ed.     Their  fphericity  dcmonftrates  they  have  bcea 

in  a  fluid  ftate,  and  the  polilh  upon  their  furfacc 

ftiews  them  to  be  vitrified;  the  fire  being  difenga- 

gcd  with  violence,    difpofes  the  particles  of  the 

fubftance  to  combine  with   the  vital   air,    while 

this  air  accelerates  the  combuftion.      The  whole 

of  the  heat  produced,  is  not  afforded  by  the  body 

itfelf,  becaufe  in  proportion  as  the  interior  fixe  is 

difengaged,  the  external  air  ads  upon  the  body, 

and  gives  out  fire. 

It  is  ^ot,  as  I  have  already  obfcrved  to  you,  every 
cgiiation,  that  raifcs  heat  m  bodies.  A  bell^  or  other 
fonorous  body^  may  receive  ^ijlroke ^hy  which  all  the 
particles  of  the  metal  are  thrown  into  a  vibratory 
motion,  which  continues  for  fome  time,  but  is  not 
attended  w  ith  any  heat.  The  following  cbnditions 
fcem  to  be  requifite:  ift.  That  one  body  (hould 
be  iiL  contad  with  another.  2.  That  it  Ihould 
move  fwiftly  over  it:  which  conditions  are  implied 
in  the  term  attrition.  Thefe  eifecls  are  more  or 
left  rapid  ?uid  violent,  according  to  the  nature  of 
the  fubftance,  and  the  degree  and  duration  of  the 
collifion,  or  the, degree  of  fridlion.  Friftion  is  iiv- 
WKiCtti  by  nreffiireaad  velocity  ;  therefore  the  clo- 
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fer  the  contadt,  and  the  fwiftcr  the  motion^  the 
more  vigorous  is  the  fire. 

If  the  irons  at  the  axis  of  a  coach-wheel  are 
applied  to  each  other,  without  the  interpolition  of 
fome  undluous  matter  to  keep  them  from  immedi- 
ate contad,  they  will  become  fo  hot,  when  the 
carriage  runs  fwiftly  along,  as  to  fet  the  w^ood  on 
fire ;    and  the   fore  wheels   being  fmalleft,    and 
making  more  revolutions,  will  be  moft  in  danger. 
The  fame  wiU  happen  to  mill-work>  or  any  other 
machinery,  if  the  ncceflary  precautions  are  neglcd- 
ed.     It  is  no  uncommon  pradlice  with  a  blackfmith 
to  ufe  a  plate  of  iron  as  an  extemporaneous  tinder- 
box  ;  for  it  may  be  hammered  on  an  anvil,  till  it 
becomes  red-hot,  and  will  fire  a  match  of  brim* 
ftone.     A  ftrong  man  who  ftrikes  quick,  and  keeps 
turning  the  iron,  fo  that  both  fides  may  be  equally 
expofed  to  the  force  of  the  hammer,  will  perform 
this  in  lefs  time,  than  would  be  expedled.     If  in 
the  coldeft  fcafon  you  lay  one  denfe  iron  plate  on 
another,  and  prefs  the  upper  one,  by  a  weight,  on 
the  lower  one,  and  then  rub  the  one  over  the  other, 
by  reciprocal  motions  they  will  firft  grow  warm, 
and  at  length  fo  hot,  as  in  a  fliort  time  to  emit 
fparks,  and  at  laft  grow  red-hot,  a^  if  taken  out  of 
a  vehement  fire. 

It  is  not  neceflary  that  the  fubftance  (hould  be 
very  hard ;  a  cord  rubbed  backwards  and  forwards 
fwiftly  againft  a  poll  or  a  tree  will  take  fire ;  a 
ftick  of  wood  prelted  againft  another  which  is  turn- 
ed fwiftly  about  in  a  lathe,  will  foon  make  it  turn 
black,  and  emit  fmoke.  Even  the  palms  of  your 
hands,  if  you  rub  them  brifkly  together,  when  they 
are  dry,  will  fmell  as  if  they  were  fcorched.  The 
method  of  exciting  fire  by  rubbing  two  fticks  of  , 
Wood  together,  was  anciently  pradtifed  by  country 
people,  and  is  ftill  retained  in  fome  paits-oC-fltt 
%prld.     The  manner  is  cxadtly  dcfcril|iii.ir  ^' 
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tain  Cook's   voyage.      The  inhabitants    of  New 
Holland  arc  there  faid  to  produce  fire  with  great 
facility,  and  fpread  it  in  a  wonderful  manner.     To 
produce  it,  they  take  two  pieces  oifoft  dry  wood ; 
one  is  a  flick  about  eight  or  nine  inches  long,  the 
other  piece  is  flat.     The  ftick  they  Ihape  into  an 
obtufe  point  at  one  end,  and  prefling  it  upon  the 
other,  turn  it  nimbly  by  holding  it  between  both 
their  hands,  as  we  do  a  chocolate  mill,  often  fhifting 
their  hands  up  and  down,  and  then  moving  them 
down  upon  it  to  increafe  the  prefliire  as  much  as 
poflible.  By  this  method  they  get  fire  in  lefs  than  two 
minutes,  and  from  the  fmalleft  fpark  they  increafe  it 
with  great  fpeed  and  dexterity.     This  is  the  fad:, 
to  which  a  refledion   is    added,  which  calls   for 
indignation ;  the  more  fo,  as  it  has  been  adopted 
and  propagated  for  the  purpofes  of  atheifm  and  infi- 
delity, by  fome  writers  of  a  neighbouring  nation. 
**  There  are  few  things  (fays  the  editor  of  the 
voyage)  in  the  hiftory  of  mankind  more  extra- 
ordinary than  the  difcovery  and  application  of 
fire.     It  will  be  fcarcely  difputed,  that  the  man- 
ner of  producing  it,   whether  by  coUifion  or  at- 
trition, was  difcovered  by  chance.    Thefe  circum- 
fhmces  confidercd,  how  men  became  fufficiently 
familiar  with  it,  to  render  it  ufeful,  feems  to  be  a 
problem  difficult  to  folve."     The  following  ob- 
servation by  the  Rev.  Mr.  William  Jones,  on  this 
paflage,  is  well  worth  your  attention ;  indeed  I 
know  of  fcarce  any  man's  writings,  which  can  be  ^ 
more  fafely  recommended  to  you;  they  are  replete  * 
with  original  obfervations,  and  are  founded  upon 
the  founded  and  beft  principles  both  of  reafon  and 
revelation.  On  the  foregoing  quotation  he  obferves, 
"  that  thefe  reflections  might  well  have  paflcd  for 
the  fpeculation  of  a  New  Hollander ;  and  that  we 
Hccd  not  be  furprized   to  find  a  fimilar  one  in  the 
Pafti  of  Ovid,   an  heathen  writer.      But,    that 
Vol.  I.  C  c  people 
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« 
people  in  a  chriftian,  civilizedj  philofopWcal  coun- 
try, whom  Divine  Providence  has  bleflcd  with  a 
knowledge  of  the  true  origin  of  mankind,  and  their 
earlieft  hiftory,  fhould  condefcend  to  Jucb  poor  and 
weak  conje^uresy  is  a  fymptom  of  prefent  infidelity, 
and  approaching  barbarifm.  The  firft  family, 
placed  by  the  Creator  upon  this  earth,  offered  (a- 
crifices,  which  being  an  article  of  religious  duty, 
they  were  cercainly  poflefled  of  the  means  of  per- 
forming it,  and  confequently  of  the  knowledge  and 
ufe  of  tire,  without  which  it  could  not  bepradlifed. 
The  Bible  account  is  natural,  and  more  agreeable 
to  the  goodnefs  of  God,  and  the  dignity  of  the 
human  fpecies,  than  to  fuppofe,  on  the  principles  of 
a  wild^ndfavage  philofophy,  that  men  were  left 
ignorant  of  an  element  defigned  for  their  accom- 
modation and  fupport. 

"  To  interdid:  a  man  from  the  ufe  of  fire  and 
water,  was  accounted  the  fame,  in   effedl,    as  to 
fend  him  out  of  life ;  fo  that   if  men,  upon  the 
original  terms  of  their  creation,  were  thus  inter- 
dided  by  the  Creator  himfelf,  as  the  heathen  my- 
thology fuppofed  them  to  be,  they  were  fcnt  into 
life  upon  fuch  terms  as  others  were  fent  out  of  it. 
If  you  admit  any  one  fuch  gjoomy  fuppofition, 
where  (hall  we  Hop  ?     If  mankind  were  left  defti- 
e  of  the  knowledge  of  fire,  perhaps  they  were 
:  without  food,  without  cloathing,  without  rea- 
,  and  in  a  worfe  condition  than  the  beads,  who 
born  with  the  proper  knowledge  of  life :  but 
n  receives  his  knowledge  by  education ;  there- 
e  he  who  taught  the  beafts  by  inftin<fl,  taught 
n  by  information.'* 

Of  Fermentation  and  Effervescence. 

Thefe  fcldom  take   place   without^  Igniting 
It,  which  is  fometimes  fo  great  as  nBlT^* 
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into  acStual  flame.     Pour  an  acid  on  an  alkali,  and 
an  effervefcence  is  excited  produdive  of  heat ;  pouf 
water  upon  oil  of  vitriol,  and  you  will  produce  a 
great  degree  of  heat,  often  fufficient  to  break  thc^ 
vefl^el,  if  it  be  compofed  of  fragil  matter ;  pour 
upon  oil  a  highly  concentrated  acid,  the  fermen- 
tation \i'ill  be  great,  and  the  fire  difengaged  will 
often  burft  into  adiual  flame :  a  mixture  of  water 
and  fpirit  of  wine  will  alfo  manifeft  heat.     Thcfe 
efl^efts  are  produced  by  the  fridlion  and  collifion  of 
the  particles  of  the  different  fubftances,   by  which 
fire  is  expelled,  and  the  fpace  it  occupied  is  filled 
up  by  the  mutual  penetration  of  the  fluids.     If  the 
heat  produced  be  very  great,  the  ambient  air  is  de- 
compofed,  and  an  inflammation  enfues.     The  pe- 
netration of  the  fubfl:ances  is  eafily  proved,   for 
their  bulk  is  lefs  after  the  mixture  than  before. 
If  you  mix  a  pint   of  water  with  a  pint  of  fpirit 
of  wine,  the  mixture  will  not  fill  a  quart,  which 
clearly  evinces  the  mutual  penetration  of  the  fub- 
ftances.     In   fermentation,   and  every  operation 
which  changes  the  nature  of  bodies,  fire  is  difen- 
gaged, to  anfwer  the  purpofe  of  the  new  compound: 
hence  in  chemical  operations,  cold  is  fometimes 
produced,  and  fopietimes  heat. 

PutrifaEiion  is  alfo  a  fpecies  of  fermentation- 
In  putrifadiion  bodies  are  heated  by  the  fire  which 
is  then  difengaged,  while  the  bodies  are  combined 
with  particles  from  vital  air. 

If  a  large  quantity  of  hay  be  laid  together  in 
too  moift  a  fl:ate,  it  will  by  degrees  take  fire  :  this 
is  eafily  accounted  for,  when  you  confider  how 
much  fire  is  left,  which  Ihould  have  been  carried 
off  in  vapour ;  this  moift:ure  and  fire  are  expelled  by 
the  preffure  of  the  hay ;  the  fire  being  excited  and 
''  ible  to  efcape  as  fafl:  as  it  arifes  through  the  pores 
incumbent  matter,  the  agitation  and  attri- 
fo  increafed,  that  it  breaks  out  into  adual 
C  c  1  flame. 
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flame,  and  confumes  the  fubftance.  So  intcnfe  is 
the  heat  when  a  large  ftack  of  hay  is  on  fire,  thai 
t-he  fubftance  of  the  hay  is  often  lurned  into  glafs. 
The  third  means  af  exciting  the  a£lion  of  pre 
is  by  the  rays  of  the  fun.  Thefe  rays  warm  all 
fubftances  which  are  expofed  to  their  a(3:ion ;  they 
infinuate  themfelves  among  the  particles  of  the 
body,  and  adding  to  the  quantity  of  fire  it  alrea- 
dy contains,  heat  is  produced.  The  effect  of  thcfc 
rays,  w  hen  colleded  by  mirrors,  or  by  lenfes,  into 
a  focus^  is  very  great.  If  a  great  number  of  plane 
mirrors  receive  the  rays  of  the  fun,  and  thefe  rays 
are  fo  direded  as  to  fall  upon  the  fame  fubftance, 
the  body  will  be  confiderably  heated,  and  morcib 
in  proportion  to  the  number  of  rays  that  fall  on  the 
body*  So  long  as  the  rays  preferve  their  parallelifin, 
but  little  heat  arifes  from  them ;  but  when  they  arc 
thrown  together  in  various  diredtions,  and  return 
upon  themfelves,  either  by  the  adtion  of  air,  or  by 
attrition,  or  by  the  refradions  and  reflections  of 
burning-glafles,  they  work  together  with  an  ex- 
panfive  force,  and  never  fail  to  aifedt  us'  with  a 
fenfe  of  heat. 

Prefent  a  cdneavc  mirror  to  the  rays  of  the 
fun,  fo  that  the  plane  of  the  mirror  may  be  as  nearly 
as  poflible  perpendicular  to  the  incident  rays  before 
the  miiTor,  a  bright  cone  of  light  will  be  formed; 
t4ie  reafon  of  which  I  ftiall  explain  in  the  Lcdure 
on  Catoptrics.  If  you  place  any  fubftance  at  the 
apex  of  this  cofte,  it  will  be  quickly  melted,  burnt, 
calcined^  or  vitrified,  according  to  it's  nature. 

In  the  fame  manner,  if  you  expofe  a  convci 
lens  to  the  fun,  fo  that  it's  axis,  when  prolonged, 
may  be  nearly  parallel  to  the  incident  rays,  a  cone 
will  be  formed  behind  the  lens,  in  the  apex  of 
which  the  fame  efted  will  be  produced  as  with  the 
concave  mirror. 

The  folar  light  will  ad  as  the  moft  vioknt  fire, 
J  even 
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even  in  vacuo :  it  will  ad  alfo  in  the  fi^me  manner 
on  the  top  of  the  coldeft  mountains.  Nay,  Mr. 
dc  Sauffure  thought  it  more  powerful  on  the  top 
of  the  mountain  than  on  the  plain  below.  Thus 
we  find  the  folar  light  producing  heat  where  there 
is  fcarce  any  other  fubftance  prefent,  that  we  know 
of^  but  the  light  itfelf,  and  the  body  to  be  adled 
upon. 

From  thefe  experiments  we  may  conclude,  that 
by  whatfoever  means  the  folar  rays  are  united,  they 
produce  heat,  which  is  more  adi  ve  in  proportion  as 
a  greater  number  are   coUedled   together  in  the 
fmalleft  fpace.     The  activity  at  the  focus  of  a  lens 
is  relative,  not  only  to  the  number  of  rayscolleded 
together  in  a  given  fpace,  and  confequently  to  it*& 
furface  or  diameter,  but  alfo  to  the  manner  in  which 
they  are  collected;  for  if  between  the  lens  and  ifs 
focus,  and  at  about  two  thirds  the  length  of  the 
axis  of  the  luminous  cone  from  the  lens,  you  place 
another  fmaller  convex  lens,  this  lens  will  increafe 
the  convergence  of  the  rays,  and  thereby  augment 
their  adivity,  although  there  may  be  fewer  rays 
colledted  together ;  for  many  of  them  are  inter* 
ccpted  by  the  folid  parts  of  the  lens.     From  whence 
it  follows,  that  the  focus  is  more  powerful  in  pro- 
portion-as the  rays  colleded  together  form  amongft 
themfelves  more  obtufe  angles. 

The  effeds  produced  by  a  convex  lens  depend 
on  it's  tranfparency  and  figure  ;  every  tranfparent 
fubftance  of  the  fame  figure  will  produce  the  fame 
elFedls :  thus,  a  burning  lens  .may  be  formed  of  ice, 
or  even  a  bottle  of  water.  In  the  fame  manner, 
the  effeds  of  concaye  mirrors  depend  only  on  the 
polifh  of  their  furface  and  the  figure,  fo  that  they 
may  be  made  of  plaifter  of  Paris,  paper,  &c.  The 
l^r^lel  rays  of  the  fun  might  go  on  for  ever,  and 
^*  1^  ^^  ^^  fenfation  of  heat;  but  as  foon  as 
upon  each  other  by  the  rcfradions 
Cc  3  of 
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of  a  convex  lens,  or  the  reflexions  of  a  concave 
mirror,  heat  is  the  immediate  confequence :  how 
intenfe  foever  the  fire  at  the  focus  may  be,  it  v-a- 
nilhes  the  inftant  the  glafs  is  removed.  The  folar 
rays  alone  do  not  produce  heat ;  for  when  they  are 
idling  on  any  fubftance,  you  may  place  your  finger 
within  a  few  inches  of  the  largeft  burning  lenfes  with 
as  much  impunity  as  if  you  were  20  feet  diftant. 

We  may  conclude  from  thefe  experiments, 
that  where  light  proceeds  in  a  confiderable  quan- 
tity from  a  point,  diverging  as  the  radii  of  a  circle 
from  it's  center,  there  a  confiderable  degree  of  hear 
will  be  found  to  exift,  if  an  opake  body  with  no 
great  reflec^tive  power  is  placed  at,  or  very  near  the 
point.  The  adtion  of  the  light  may,  in  this  cafe, 
be  confidered  as  the  ultimate  caufe  of  the  heat. 

If  the  point  from  which  the  rays  are  emitted 
be  in  a  tranfparent  medium,  as  air  or  water,  that 
medium  without  theprefence  of  an  opake  body  will 
not  be  heated :  another  caufe  therefore  of  heat  is 
the  refiftance  of  the  parts  of  the  body  on  which  the 
light  falls. 

If  a  body  capable  of  refledring  light  very  co- 
pioufly  be  brought  near  the  lucid  point,  it  will  not 
be  heated ;  a  penetration  therefore  of  light  into  the 
fubftance,  and  a  confiderable  degree  of  refiftance  on 
the  part  of  the  body  to  the  adion  of  light,  are  re- 
quifite  to  the  production  of  heat;  confequently 
thofe  bodies  will  conceive  the  greateft  degree,  into 
whofe  fubftance  light  can  penetrate  beft,  i.  e.  which 
Jiave  the  leaft  reflexive  power,  and  Which  moft 
flrongly  refift  it's  action,  as  is  evidently  the  cafe 
with  black  and  folid  fubftances. 

Archimedes  is  the  firft  we  read  of  who  ufcd 
burning-glafles  of  confiderable  power.  It  is  related 
of  him  that  he  fetfirc  to  the  ftiips  of  Marcellus  by 
means  of  a  burning-glafs,  compofcd  of  fmall  fquare 
mirrors,  moving  every  way  upon  hinges,  which 

when 
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when  placed  in  the  fun*s  rays,  diredled  them  upon 
the  Roman  fleet  fo  as  to  reduce  it  to  afhes  at  the 
diftance  of  a  bow  Ihot.*     Many  of  the  difcoveries 
of  this  wonderful  man  have  appeared  Jo  much  above 
the  reach  of  man,  that  among  the  learned  it  has 
been  found  more  eafy  to  call  them  in  doubt,  than 
to  inveftigate  the  means  v/hereby  he  had  acquired 
them ;  and  fome  have  boldly  denied  what  they  did 
not.underftand.     This  was  the  cafe  with  his  mirror, 
the  poflibility  of  producing  fuch  eflfeQs  being  de- 
nied, till  it  had  been  in  fome  degree  realized  by 
Father  Kircher  and  Mr.  Buffon ;  the  hitter  availing 
himfelf  of  the  contrivance  of  Archimedes,  formed 
a  burning-glafs  of  168  fmall  plain  mirrors,  which 
produced  fo  confiderable  a  degree  of  heat,  as  to  ftt 
wood  in  flames  at  the  diftance  of  two  hundred  and 
nine  feet,  melt  lead  at  120,  and  filver  at  50. 

The  lens  of  M.  de  Tfchirnhaufen,  which  was 
between  three  ^nd  four  feet  diameter,  and  whofc 
focus  was  rendered  more  vivid  by  a  fecond  lens, 
vitrified  tiles,  flates,  pumice  ftones,  &c.  in  a 
moment;  pitch  and  all  refins  were  melted 
even  under  water  ;  the  aflies  of  vegetables,  wood, 
and  other  matters,  were  tranfmuted  by  it  into  glafs ; 
indeed  it  either  melted,  calcined,  or  diflipated  into 
fmoke,  every  thing  applied  to  it's  focus. 

Mr.  Parker,  of  Flect-flreet,  made  a  lens  of  3 
feet  diameter  of  flint  glafs,  which,  when  in  it's 
iTan)e,  expofed  a  furface  of  2  feet  8  i  inches  to  the 
folar  rays ;  it  had  a  fmall  lens  fitted  to  it,  to  con- 
verge the  rays  and  heighten  the  effed.  The  expe- 
riments made  with  this  lens  are  too  numerous  to 
be  related  here;  it  will  be  only  neceflary  to  obferve, 
that  they  were  made  with  much  greater  accuracy 
than  any  made  by  other  glaflcs.  i  iie  following 
Table  will  give  you  a  general  idea  of  it's  ettVdls. 
Cc4  TABLE 

^  DutcB's  Enquiry  into  the  Origin  of  the  Difcoveries  attributed 
to  the  Moderns* 
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Subftanccs  Fufed,  with  their  Weight  and  Time  of 
Fulion. 


Gold,  pure 

Silver,  do. 

Copper,  do. 

Platina,  do,        -        '    - 

Nickell 

Bar  iron,  a  cube 

Caft  iron,  a  cube 

Steel,  a  cube 

Scoria  of  wrought  iron   - 

Kearfh 

Cauk,  or  terra  ponderofa 

A  topaz,  or  chryfolite     - 

An  oriental  emerald 

Chryftal  pebble 

White  agate 

Flint,  oriental    - 

Rough  cornelian 

Jafpcr 

Onyx    -  -  ^ 

Garnet 

White  rhomboidal  fpar 

Zeolites 

Rotten  ftonc 

Common  flate 

Aibcftos 

Common  lime-ftone 

Pumice-ftonc 

Lava      -  -  - 

Volcanic  clay     - 

Cornifli  moor-ftonc 


Weiglit 

Tiwe 

in 

ia 

graini. 

TecofMb. 

20 

4 

20 

3 

33 

20 

10 

3 

16 

3 

10 

12 

10 

3 

xo 

12 

12 

2 

10 

3 

10 

7 

3 

45 

2 

25 

7 

6 

10 

30 

10 

30 

10 

75 

10 

25 

10 

20 

10 

17 

10 

60 

JO' 

23 

10 

«o 

JO 

2 

ID 

10 

10 

55 

10 

H 

10 

7 

ID 

60 

10 

60 
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This  (jig.  8,  pi.  5,)  reprefents  the  ufual  mode 
of  mounting  large  burning  lenfes ;  the  large  lena 
is  placed  in  a  frame  A  B,  the  fmaller  lens  in  the 
frame  CD  parallel  thereto^  and  conneded  to  the 
larger  »ne  by  the  ribs  of  wood  a,  b,  c,  d,  e,  f.  H 
is  the  apparatus  for  fupporting  the  fubftance  that 
is  to  be  expofed  to  the  rays  of  the  fun.  The  whole 
is  fupported  on  a  fcmicircle  E  F  G,  by  which  the 
lenfes  may  be  placed  in  a  proper  direction  to  re- 
ceive the  rays  of  the  fun.  The  femicircle  is  fuf- 
tained  by  a  ftrong  pillar  and  claw. 

Of  the  Methods  of  augmenting  or  diminish- 
ing THE  Action  of  Fire. 

The  j?r/?  method  is  to  increafe  the  quantity  of 

fuel ;  the  fecond,   to  concentrate  this  adlion,  ahd 

prevent  it's  being  diflipated  in  too  great  a  Ipace; 

thirdly,  to  dircd  the  adion  of  the  fire  to  one  place; 

fourthly^  to  blow  the  fire  with  vital  air. 

Thcfirfi  method  is  familiar  to  every  one.  You 
all  know  riiat  by  adding  fuel  a  fire  may  be  in- 
creafed:  the  quantity  of  fuel  laid  on  the  fire, 
muftj  however,  always  be  proportioned  to  it's  bulk 
and  degree  of  inflammability.  No  fubftance  can  be 
inflamed  without  vital  air,  and  the  developement 
of  phlogifton;  and  this  only  takes  place  at  a  cer- 
tain degree  of  heat.  If  the  fire  be  fmall,  and  the 
fubftance  large  and  damp,  the  fire  is  extinguifhed 
before  a  fufficient  heat  can  be  communicated  to  the 
fubftance.  In  the  fame  manner  a  candle  is  extin- 
guifhed by  inverting  it,  the  tallow  which  runs  upoa 
die  wick  not  being  fufficiently  heated  for  inflam- 
mation. 

The  Jecond  method  is  ufed  by  artifts  and  chc- 
mifts,  by  means  of  their  furnaces,  which  they  en- 
deavour fo  to  conftrud,  that  the  fire  contained 
therein  may  become  a  center  of  aftivity,  whofe  rays 
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ftriking  the  top  of  the  furnace  are  thence  rcverbera- 
cd,  and  concentrated  fo  as  to  adt  with  greater  forcer 

The  third  metb^d  is  put  in  pradicc  alfo  by  a 
variety  of  artifts,  who  concentrate  and  dired  the 
flame  by  means  of  the  blow-pipe  or  bellows  :  the 
flame  thus  diredcd  is  of  force  fufficient  to  melt 
glafs,  enamel,  and  metals  ;  for  by  this  means,  the 
fluid  proper  for  combuftion  is  introduced  into  the 
flame,  and  a  great  heat  excited  at  the  place  re- 
quired. Thus  the  efFecfl  of  the  moft  violent  heat 
.  of  furnaces  may  be  produced  by  the  flame  of  a  can- 
die  or  lamp,  urged  upon  a  fmall  particle  of  any 
fubftance  by  the  blow-pipe. 

The  fourth  method  coniifts  in  animating  the 
lire  with  vital  air.  Mr.  Lavoificr  has  made  many 
curious  experiments  w  ith  fire  thus  animated,  and 
has  hard!)  found  any  fubftance  which  did  not  yield 
to  it's  violence  ;  it  exceeded  even  any  thing  effed- 
cd  by  burning-glafles  or  mirrors.  For,  in  his  firft 
attempt,  the  intenfity  of  the  heat  produced  was  (o 
great  as  to  melt  with  eafe  a  fmall  quantity  of  crude 
platina ;  it  foldcred  rubies  together  without  injur- 
ing their  colour,  or  aft'eding  their  weight ;  eme- 
ralds, chryfolite,  and  garnet,  were  almoft  inftantly 
melted  into  an  opake-coloured  glafs.  Here  it 
may  be  worth  obferving,  that  among  precious  ftones 
the  diamond  prefents  a  property  peculiar  to  itfelf ; 
it  burns  in  the  fame  manner  with  combuftible  bo- 
dies, and  is  entirely  diflipatcd. 

I  Ihall  now  lay  before  you  fome  opinions  on 
this  interefting  element,  which  could  not  be  intro- 
duced with  eafe  in  the  body  of  the  preceding  Lec- 
tures, leaving  you  to  compare  them  when  at  leifurc 
with  the  fadts  you  already  know,  and  the  hypothc- 
fes  you  have  iuft  examined. 

7he  authors'  of  the  Encyclopedia  Britannic  a  z^Ttt 
with  Mr.  Lavoifier  in  reprobating  the  ufe  of  the  v/ord 
heat  inttead  oi  fire,  bccaufc  heat  is  npt  a   fluid 
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but  a  modification  of  a  fluid  ;  and  that  in  this 
view  of  things,  it  can  neither  be  abforbcd  nor  at- 
tradled,  neither  can  any  body  have  a  greater  capa- 
city for  it  than  another,  except  in  proportion  to 
it's  bulk,  which  allows  a  larger  quantity^f  fire  to 
enter,  and  to  aflume  that  particular  motion  which 
conftitutes  heat.  As  heat  is  evidently  occafioned 
by  the  rays  of  the  fun  when  concentrated,  and  alfo 
by  the  concentration  of  the  eledric  fluid  ;  if  fire 
therefore  be  the  caufe  of  heat,  (as  is  clearly  proved, 
in  the  following  Lectures,)  we  are  certainly  entitled 
toConclude,  that  the  light  of  the  fun,  and  electricity, 
are  modifications  or  component  parts  of  elemen- 
tary fire.  When  bodies  are  heated,  they  expand  in 
every  direction ;  therefore  fire,  when  in  a  riling 
ftate,  acfts  z.%from  a  center  to  a  cireumference  \  when 
in  a  defcending  ftate,  or  growing  colder,  it  ads 
from  a  circumference  to  a  center. 

It  has  been  already  fhewn,  by  undeniable  ex- 
periments, that  fire  is  the  caufe  of  fluidity  :  when 
the  expanfive  adlion  of  this  element  is  confined 
within  the  furface  of  any  body,  to  preferve  it  in  a 
particular  ftate,  it  may  be  called  latent  fire  ;  be- 
caufe  it  does  not  extend  beyond  the  furface,  and 
cannot  affed  the  thermometer,  or  have  it's  exift- 
ence  manifefted  to  us  by  the  fenfe  of  feeling.  But 
when  this  expanfive  adtion  is  transferred  from  the 
internal  parts  of  the  fubftance  to  the  furface,  it 
then  affedts  the  thermometer. 

This  is  by  fome  writers  called  theconverfionof 
latent  into fenfible  heat ;  by  others  the  alteration  of  the 
capacity :  whatever  name  we  give  the  efFedt,  the 
caufe  remains  the  fame,  the  oppofite  adiions  of 
the  fame  fluid ;  the  expanfive  a(5tion  in  fome  cafeg 
counterading  or  overcoming  the  condenfing  one^ 
jm^  vi^e  verfa. 

rjnaiw  inftances  the  expanfive  power   it 
"'^  wee  fufficient  to  produce  and  main* 
k.  tain 
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tain  fluidity  ;  it  may>  however,  in  mod  inftanccs, 
be  made  to  effed:  this  artificially.  A  certai n  degree 
^  of  expanfive  power  exifts  in  all  bodies ;  and  this 
has  been  called  the  fpecific  heat  of  the  body. 

The  cooling  of  a  body  feems  to  confift  in  a 
diminution  of  the  expanfive  adlion  on  it*s  fur- 
face,  by  an  oppofite  power  or  modification  of  the 
fluid  on  the  outfide :  when  this  is  very  ftrong,  it  is 
fuppofed  to  expel  a  portion  of  fire  from  the  body. 

When  the  expanfive  adtion  of  fire  within  any 
fubflance  becomes  greater  than  is  confiftent  with 
it*s  cohefion,  it  is  diflipated  or  refolved  into  va- 
pour. This,  however,  may  be  done  in  fuch  man- 
Mcr,  that  the  fire  may  adl  on  the  internal  parts  of 
the  feparated  body,  without  fpending  any  of  it's 
force  upon  the  parts  of  external  fubftances.  Hence 
vapour  continues  to  exift  in  a  temperature  much 
below  that  in  which  it  was  originally  produced. 
When  this  latent  fire  is  transferred  to  external  bo- 
dies, the  vapour  ceafes  to  be  vapour,  or  is  conden- 
fed  J  and  in  fome  cafes  returns  to  it's  original  ftatc, 
in  others  it  is  produdive  of  light  and  vehement 
heat. 


A  CONCISE  Viiw  OF    Dr.  Crawford^s  Theory 
OF  Animal  Heat. 

For  a  full  view  of  this  admirable  theory,  I 
mufl:  refer  you  to  his  work  ;  it  is  a  work  that  dc- 
ferves  your  ferious  attention,  not  only  from  the 
importance  of  the  fubjecft,  and  the  ingenuity  and 
beauty  of  the  theory  it  propofes,  but  from  the 
manner  in  which  it  is  treated.  I  know  of  no  work 
in  which  the  rules  of  Lord  Bacon  have  been  more 
rigoroufly  followed.  Here  you  will  find  principles 
invefl:igated  with  judgment ;  experiments  of  the 
moft  delicate  nature,  made  with  care,  and  defcri- 
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bed  with  accuracy ;  the  dedudlions  natural  and  lu- 
minous. This  work  will  always  be  coniidcred  as  a 
valuable  acquifition  to  fcience  and  mankind. 

Fire  is  known,  according  to  Dr.  Crawford,  ift. 
By  the  peculiar  fenfations  which  it  excites :  con- 
fidered  as  exciting  thefe  fenfations,  it  is  called 
beat.  2.  It  is  known  by  it's  effcdts  upon  an  inftru- 
inent  that  has  been  employed  to  meafure  it,  called 
a  thermometer  ;  and  this  is  termed  the  temperature 
of  fire  in  bodies.  3.  It  has  been  found  by  expe- 
riment, that  in  bodies  of  different  kinds,  the  quan- 
tity of  fire  may  vary,  though  the  temperature 
and  weights  be  the  fame.  When  fire  is  confi- 
dercd  relatively  to  the  whole  quantity  of  it  con- 
tained in  bodies  of  different  kinds,  but  which 
have  the  fame  weight  and  temperature,  it  may  be 
tcrmtdi/pecijic  fire.*  If,  for  example,  the  tempe- 
ratures and  weights  being  the  fame,  the  whole 
quantity  of  fire  in  water  be  four  times  as  great  as 
that  of  antimony,  the  fpecific  fire  of  thefe  ^bftan- 
ces  is  faid  to  be  as  four  to  one. 

Heat  is  meafured  by  the  intenfity  of  our  fen- 
£itions  ;  temperature  by  the  expanfion  of  the  fluid 
m  the  thermometer. ;  fpecific  fire  by  the  altera- 
tions of  temperature,  which  equal  quantities  of  fire 
produce  in  bodies  that  have  equal  weights. 

Thus  two  bodies  are  faid  to  have  the  fame 
heat,  when  they  equally  afFeft  the  organs  of  feelii^j 
and  a  greater  or  lefs  degree  of  heat,  as  they  pro- 
duce a  greater  or  lefs  efledt  upon  thofe  organs. 

Bodies  are  faid  to  have  the  fame  temperature^ 
that  produce  equal  expanfions  in  the  thermometer; 
and  the  fame  body  is  faid  to  have  a  higher  or  lower 
temperature,  according  as  a  greater  or  lefs  degree 
of  expanfion  is  indicated  by  the  thermometer. 

The  vulgar  mtake  ufe  of  the  human  body  as  a 

Ilandard 
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ftandard  for  the  meafure  of  temperature  ;  but  thi^T 
is  by  no  means  fufficiently  accurate  for  philofophi- 
cal  perfons,  becaufe  the  fenfations  of  no  two  per- 
fons  agree,  nor  even  thofe  of  the  fame  perfons  at 
different  times. 

Dn  Crawford  has  (hewn,  that  the  fpecific 
fire  of  bodies,  which  are  of  the  fame  weights 
and  temperature,  is  greater  or  iefs  in  propor- 
tion as  greater  or  Iefs  alterations  are  produced 
in  their  temperatures  by  equal  quantities  of  fire* 
Thus  it  is  found,  that  the  fame  quantity  of  fire, 
which  raifcs  a  pound  of  water  one  degree,  will 
raife  a  pound  of  mercury  28  degrees ;  from  whence 
it  has  been  deduced,  that  the  fpecific  fire  of  wa- 
ter is  to  that  of  mercury,  as  28  to  one. 

As  equal  weights  of  heterogeneous  fubftancc§ 
are  found  to  contain  unequal  quantities  of  fire, 
there  mull  l^e  certain  cfTential  differences  in  the  na- 
ture of  bodies,  whereby  fome  can  coUedt  and  re- 
tain a  greater  quantity  of  fire  than  others.  Thefe 
different  powers  are  called  the  capacities  of  bodies 
for  containing  fire.  Thus,  if  you  find  by  experi- 
ment, that  a  pound  of  water  contains  four  times 
as  much  fire,  as  a  pound  of  diaphoretic  antimony 
at  the  fame  temperature,  the  capacity  of  water  is 
faid  to  be  to  that  of  antimony,  as  four  to  one. 

The  temperature,  the  capacity  for  containing 
fire,  and  the    fire  contained,  may  be  diftinguiftied 
from  each  other  in  the  following  manner.     When 
we  fpeak  of  the  capacity,  wc  mean  a  power  inhe- 
rent in  the  heated  body ;  by  fire,  the  fluid  retained 
in  the   body  by  means  of  this  power ;  when  we 
foeak  of  temperature,  we  confider  fire  as  produ- 
:ertain  effedls  upon  the  thermometer, 
fhe  capacity  for  containing  fire  may  conti- 
mchanged,  though  the  quantity  of  fire  be 
I.     If  a  pound  of  ice  be  fuppofed  to  retain  it's 
form,  the  quantity  of  fire  will  be  altered  by 
increafc  or  diminution  of  heat  j  but  as  long  as 
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it's  form  or  ftate  continues  the  fame,  it's  capacity 
for  receiving  is  not  affedled  by  an  altemtion  of 
t^xnperaturc. 

A  body  with  a  fmaller  capacity  for  containing 
fire,  has  it's  temperature  more  augmented  by  the 
addition  of  a  given  quantity  of  fire,  than  that  whofc 
capacity  is  greater.  Hence  the  temperature  of  a 
body  depends  partly  upon  the  quantity  of  fire,  and 
partly  upon  the  nature  of  the  body  containing  the 
fire ;  and  confequently  the  temperature  may  be 
varied,  cither  by  a  change  in  the  nature  of  the  bo- 
dy itfelf,  or  by  a  change  in  it's  quantity  of  fire. 

If  the  variation  in  temperature  arife  from  the 
firft  of  thefe  circumftances,  it  follows,  that  in  the 
fame  body  the  temperature  may  vary,  though  the 
fire  continues  the  fame. 

If,  for  example,  a  body  of  a  given  weight  be 
fuppofed  to  have  a  capacity  as  one,  a  quantity  of 
fire  as  ten,  and  the  temperature  computed  from 
the  point  of  total  privation,  as  if  the  capacity  be 
conceived  to  be  doubled,  the  fame  quantity  of  fire 
which  before  raifed  it  to  the  temperature  of  ten, 
will  now  be  fufficient  only  to  raife  it  to  five. 

Dr.  Crawford  lays  down  the  following  fafts  as 
the  principles  upon  which  his  very  curious  expe- 
riments are  founded ;  which  I  relate  more  willingly 
to  you,  as  they  will  confirm  the  greater  part  of 
what  wc  have  already  faid  to  you  on  the  fubjedt, 
and  tend  to  imprefs  it  more  ftrongly  on  your 
minds. 

I.  Fire  has  a  conjlant  tendency  to  diffufe  itfelf 
over  all  bodies^  till  they  are  brought  to  the  fame 
temperature. 

Thus  if  two  bodies  are  mixed  together,  or 
placed  contiguous  to  each  other,  the  fire  pafles 
from  one  to  the  other,  till  they  are  of  the  fame 
temperature ;  and  all  inanimate  bodies,  when 
heated  and  placed  in  a  cold  medium,  gradually 

lofe 


Digitized  byCjOOQlC 


4QO    Lectures  on  Natural  Philosopht. 

lofe  heat,  till  they  are  brought  to  the  ftate  of  the 
fuorrounding  medium. 

In  other  words,  bodies  in  contact,  or  that  com- 
municate with  each  other,  will  all  acquire,  after 
a  certain  length  of  time,  the  fame  tempcratore, 
however  dilFcrent  their  refpedive  original  tempe- 
ratures may  have  been.  Two  bodies,  which  when 
in  eontad  neither  receive  nor  impart  heat,  are  of 
the  fame  temperature.  All  bodies,  therefore,  which 
by  dired  or  fucceffive  contact  communicate  with 
each  other,  muft  have  the  fame  temperature,  or 
t^e  fire  will  difFufe  itfelf  among  them,  till  they 
have  acquired  a  common  temperature. 

Confequently  the  various  clafles  of  bodies 
thiToughout  nature,  if  they  were  not  adled  upon  by 
external  caufes,  would  at  length  acquire  a  com- 
mon temperature,  and  the  fire  would  be  quiefccnt; 
a&  the  waters  of  the  ocean,  if  not  preveated  by 
winds>  and  by  the  action  of  the  fun  and  moon, 
would  come  to  an  equilibrium,  and  would  remain 
Hi  a  ftate  of  reft.  But  caufes  continually  occur  in 
nature,  to^  dilturb  the  ballance  of  heat,  as  well  as 
that  of  the  waters  of  the  ocean,  whofe  waters  arc 
kept  in  a  conftant  fiuiSuation. 

2.  Fire  is  contained  in  all  bodies  in  confidtrahU 
quantities y  VLihen  ai  tb€  common  temper cUure  of  the 
iUfnafpbere. 

We  are  told  by  Dr.  Pallas,  that  in  the  defcrts 
of  Siberia,  during  a  very  intenfc  froft,  the  mercu- 
ry was  found  congealed  in  the  thermometers  ex-  . 
pofed  to  the  atmofphere,  and  a  quantity  of  that 
fluid  in  an  open  bowl  placed  in  a  fimilar  fituatioB, 
at  the  feme  time,  became  folid.  Now  it  has  beea 
proved  by  experiments  made  at  Hudfon's-Bay, 
thac  the  freezing  point  of  mercury  is  very  nearly  40 
degrees  below  the  zero  of  Fahrenheit's  fcale:  to  this 
degree  the  atmofphere  in  Siberia  muft  have  been 
cookd*  From  a  paperreadat  the  Rpyal  Society^  wc 
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ram  that  in  the  wiiiter,  17  8*5,  a  fpirit  of  wine  ther^ 
IOmeter  fell  to  42  below  o  ia  the  open  air  at  Hud- 
>n's-Bayj  and  from  th^  fame  comaiiinication  we 
indi  that  by  a  mixture  of  fnow  and  vitribric  acid, 
he  heat  was  fo  much  diminifhed^  that  the  (pirit  of 
rinc  thermometer  funk  to  80  below  p,  that  is, 
I  a  degrees  below  the  freezing  point  of  water.  It 
s  therefore  plain,  that  there  is  a  corifiderablc 
quantity  of  fire  ading  in  all  bodies,  when  at  the 
rommon  temperature.  > 

3.  If  the  parts  of  the  fame  homogeneous  fuhjlancc 
ha've  a  common  temperature^  the  quantity  of  fire  will 
be  proportional  to  the  bulk  or  quantity  of  matter. 

That  is,  a  pound  of  gold  contains  an  equal  quan- 
tity of  fire,  with  another  pound  of  gold  at  the 
fame  temperature,  and  a  pound  of  water  an  equal 
quantity  with  another  pound  of  water ;  and  the 
quantity  of  fire  in  two  pounds  of  water  is  double 
that  which  is  containpd  in  one  pound,  when  at  the 
lame  temperature. 

4.  ne  dilatations  and  contraUions  0f  the  fluid 
in  the  mercurial  thermometer,  are  nearly  proportion, 
nal  to  the  quantities  of  fire  which  are  communicated 
to  the  fame  homogeneous  bodies,  or  feparaied  from^ 
them,  as  long  as  they  remain  in  the  fame  ftate. 

Thus  the  quantity  of  fire  required  to  raife  $ 
body,  four  degrees  in  temperature,  by  the  mercu* 
rial  thermometer,  is  nearly  double  what  is  requi-, 
red  to  raife  it  two  degrees,  and  four  to  raife  it  one 
degree,  and  fo  on  in  proportion. 

The  capacities  of  bodies  for  containing  fire  are 
nearly  permanent,  as  long  as  they  retain  the  fame 
form. 

,  The  capacity  of  a  body  for  fire  is  faid  to  be 
permanent,  when  the  fame  quantity  of  fire  which 
i^ifcs  it  to  one  or  two  degrees,  as  meafured  by  an 
cqui-Jifferential  thermometer  at  a  given  tempera- 
ture, will   raife  it  an  equal  number  of  degrees  at 
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all  other  temperature?.  On  the  contrary,  the  ca- 
pacity is  faid  to  b^  increafed  or  diminiflied  by  am 
alteration  of  temperature,  when,  in  confequencc  of 
fuch  an  alteration,  a  greater  or  lefs  quantity  of  fire 
mud  be  applied  to  produce  an  equal  cfftGt  upod 
the  thermometer* 

We  have  already  fhewnyou,  that  the  mercu- 
rial thermometer  i»  nearly  an  accurate  meafure  of 
heat,  and  that  when  equal  portions  of  warm  and 
cold  water  are  mixed  together  at  different  tempe- 
ratures, the  mercurial  thermometer  indicates  very 
nearly  an  arithmetical  mean ;  and  confequently 
that  the  capacity  of  water  is  permanent  in  all  the 
intermediate  temperatures  between  the  freezing 
and  boiling  points.  For  if,  when  chc  heat  aug- 
mented, the  capacity  of  water  was  increafed,  a» 
cqui-difFerential  thermometer  would  point  to  more ; 
and  if  diminilhed,  lefs  than  the  arithmetical  mean^ 

If  two  equal  and  iimilar  bodies  that  differ  in 
temperature,  be  brought  together,  they  will  by 
communication  acquire  a  common  temperature, 
and  their  quantities  of  fire  will  by  that  means  be 
rendered  equal:  that  is,  the  hotter  of  the  two 
bodies  will  have  communicated  half  if^s  exccfs  to 
the  colder;  therefore  the  quantity  of  fire  in  one  of 
thefe  two  equal  bodies,  will  be  an  arithmetical 
mean  between  the  two  quantities  originally  pof- 
fcfled  by  each  of  them;  in  other  words,  it*s  tem- 
perature will  exceed  the  colder  cxadlly  as  much  as 
It  falls  (hort  of  the  hotter  body. 

If^the  two  bodies  had  b^eh  unequal,  they 
^'ould  alfo  acquire  a  common  temperature  by  com- 
munication, but  the  excefs  of  fire  would  not  have 
been  equally  divided  between  them.  For  the 
quantity  of  heat  in  fuch  bodies  is  in  proportion  to 
Uidr  quantities  of  matter  ■,  and  the  excefs  of  hcit 
in  the  hotter  body,  is  divided  between  tbem  irt 
proportion  to  their  weights, 

lew* 
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From  hence  it  is  concluded,  chat  the  quantity 
»r  fire  required  to  be  added  to  or  taken  from  bodies 
of  the  fame  kind,  to  produce  equal  changes  of  tern- 

iv^rafiirp.    iwill  ho  in  nrnnnrtirtrt  fn  their  rtiianfifvof 
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perature ;  it  follows^  that  the  fame  quantity  of  (ire 
which  raifes  iceaoo,  or'anygiven  number  of  degrees, 
would  raife  the  antimony  an  equal  number  of  degrees. 
I  lb.  of  ice,  therefore,  and  41b.  of  antimony  wh«a 
at  the  fame  temperature,  contain  equal  quantities 
of  fire.  But  four  pounds  of  antimony  contain 
four  times  as  much  fire  as  one  pound :  therefore 
the  quantity  of  fire  in  a  pound  of  ice  is  to  that  in 
a  pound  of  antimony  as  four  to  one. 

That  you  may  underftand  this  fubjecft  better, 
I  ftiall  now  ftate  it  more  accurately  in  Dr.  Craw- 
ford's words.  Dr.  Black  perceived,  that  by  mix- 
ing together  bodies  at  different  temperatures,  an 
eftimatc  might  be  formed  of  their  comparative 
quantities  of  heat,  or  of  their  capacities  for  con- 
taining that  element. 

Thus  when  a  hot  and  cold  body  are  mixed  toge- 
ther, if  their  capacities  for  heat  be  equal,  the  di- 
minution in  the  temperature  of  the  former,  and 
the  increafe  in  that  of  the  latter,  will  be  half  the 
difference  of  the  feparate  heats  ;  or  the  thermome- 
ter immerfed  in  the  mixture,  will  point  to  an  arith- 
metical mean.     But  if  their  capacities  for  heat  be 
unequaly  the  common  temperature  of  the  mixture 
will  not  be  the  arithmetical  mean  ;  it  will  be  near- 
er to  the  original  heat  of  the  body,  which  has  the 
greater  capacity,  than  to  that  of  the  other.   If,  for 
example,  a  pound  of  mercury  at  79  be  mixed  with 
«  '^ound  of  water  at  50,  the  temperature  of  the 
cturewillbe5i  ;  or  the  mercury  will  be  cooled 
degrees,  and  the  water  will  be  heated  only  one 
ree.     Hence  Dr.  Black  inferred,  that  water  has 
uch  greater  capacity  for  heat  than  mercury. 

Having  thus  difcovered  a  meafure  for  deter-  1 
ling  the  comparative  quantities  of  heat  in  bo- 
j,  it  was  found  by  a  feries  of  trials  which  were   j 
ituted  by  Dr.  Black  and  Dr.  Irvine  upon  ae^ 
ic  and  faline  bodies,  that  the  element  <  ^ 
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^Siftributed  in  various  proportions  throughout  thofe 

Ivftbftances^  or  in  other  words,  that  in  equal  Ivfefghts 

^licy  contain  unequal  quantities  of  elementary  fire. 

a.  It  iikewife  appeared,  that  when  bodies  undergo  a 

change  of  form,  their  capacities  for  containiifg 

Kcat  or  elementary  fire,  are,  for  themoft  part,  fud* 

cieiiljr  increafed  or  diminifhcd*     WHen  their  capa« 

cities  are  diminifhed,  they  part  with  a  portion  of 

their  elementary  fire  5  and  When  their  capacities 

are  again  increafed,  they  re-abforban  equal  portioit 

of  fire  from  the  furrounding  bodies.    Dr.  Black 

has  Ihewn  in  particular,  that  when  folid  bodies,  by 

expofure  to  heat,  are  changed  into  liquids  or  into 

vapour,  they  abforb  a  quantity  of  elementary  fire, 

which  is  neceffary  to  their  exiftence  in  the  liquid 

or  vaporific  fbrm ;  and  that^on  the  contrary,  when 

irapours  are  condenfed,  or  non-elaftic    fluids  arc 

congealed,  they  part  with  the  heat  which  they  had 

J)cfore  aljforbed* 

In  refleQing  6n  thefe  fadls.  Dr.  Crawford 
thought  it  probable  that  by  meafuring  the  com- 
parative quantities  of  fire  in  the  folid  and  fluid 
parts  of  aninfials,  as  well  as  in  alimentary  fubflan- 
ces,  he  might  be  enabled  to  trace  the  fource  of  ani- 
mal heat. 

The  refult  of  his  inquiry  led  not  only  to  the 
caufe  of  this  phenomenon,  but  Iikewife  to  that  of 
the  heat  produced  by  the  inflammation  of  corn- 
buftible  bodies. 

The  evidence  upon  which  hisdo<5lrine  refpedl- 
ing  the  caufe  of  animal  heat  and  combuftion  de-» 
pcnds,  is  comprifed  in  the  following  propofitions. 

I.  The  quantity  of  heat  contained  in  pure  air 
is  diminiftied  by  the  change  which  it  undergoes  in 
the  lungs  of  animals  ;  and  the  quantity  of  heat  in 
4fiiykind  of  air  that  is  fit  for  respiration,  is  nearly 
tioned  to  it's  power  in  fupporting  animal 
Dd3 

2dly, 


^ 
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2dly»  The  blood  which  pafTes  from  the  lungs 
to  the  heart  by  the  pulmonary  vein,  contains  more 
abfolute  heat  (fire)  than  that  which  pafles  from 
the  heart  to  the  lungs  by  the  pulmonary  artery. 

3dly,  The  comparative  quantities  of  heat  in 
bodies^  fuppofed  to  contain  phlogifton^  are  in* 
creafed  by  the  changes  which  they  undergo  in  the 
proceiTes  of  calcination  and  combuftion. 

4thly,  When  an  animal  is  placed  in  a  warm 
^dium^  the  colour  of  the  venous  blood  approach- 
es  nearer  to  that  of  the  arterial,  than  when  it  is 
placed  in  a  cold  medium ;  the  quantity  of  rcfpire- 
fible  air  which  it  phlogifticates,  in  a  given  time,  in 
the  former  inftance,  is  lefe  than  that  which  it  phlo^i* 
giilicates  during  an  equal  fpace  of  time  in  the  latter  2 
and  the  quantity  of  heat  produced  when  a  given 
portion  of  pure  air  is  altered  by  the  refpiration  of 
mi  animal,  is  nearly  equal  to  that  which  is  pro- 
duced when  the  fame  quantity  of  air  is  altered  by 
^hc  burning  of  wax  or  charcoal. 

Having  eftablilhed  the  truth  of  thefe  propo- 
sitions by  dired  experiments.  Dr.  Crawford  de- 
duces from  them  the  following-  explanation  of  the 
caufe  of  animal  heiat  and  cotpbudion* 

The  purer  part  of  the  atmofpherical  air  recei-. 
ved  into  the  lungs  of  animals  in  refpiration,  is  con- 
verted by  it*s  union  with  the  inflammable  princi- 
ple of  the  blood  into  fixed  air,  and  aqueous  vapoun 
It  appears  by  experiment,  that  the  quantity  of  ele- 
mentary fire  contained  in  pure  air,  is  to  that  con- 
tained in  fixed  air,  and  aqueous  vapour,  nearly  ai 
three  to  one. 

Hence  it  follows,  that  in  the  procefs  of  refpi- 
ration, the  pure  airmuft  neccflarily  give  ofFa  con- 
fiderable  proportion  of  it's  elementary  fire.  It 
moreover  appears  from  the  fecond  propofition,  that 
the  blood  in  it's  paflage  through  the  lungs,  hf^j ' 
quantity  of  it's  elementary  fire  increafcd  1 
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Xequently  in  the  procefs  of  refpiration,  a  portion 
of  that  element  muft  be  abforbed  by  the  blood. 
The  truth  of  this  inference  is  farther  confirmed  by 
rhe  refuits  of  the  experiments  which  were  adduced 
in  proof  of  the  third  and  fourth  propofitions. 

For  from  the  third  propofition  it  appears^ 
that  when  bodies  are  united  with  the  inflammable 
principle,  they  part  with  a  portion  of  their  ele- 
mentary fire,  and  that  when  this  principle  is  again 
diicngaged,  they  re-abforb  an  equal  portion  of 
lire  from  the  furrounding  bodies.  It  moreover 
appears  from  the  experiments  of  Dr.  Prieftley,  that 
in  the  procefs  of  refpiration  the  inflammable  prin* 
ciple  is  feparated  from  the  blood,  and  combined 
with  the  air.  Hence  it  follows,  that  the  quantity 
of  elementary  fire  in  the  former  muft  be  increafcd, 
and  that  in  the  latter  dinYinilhcd.  This'  conclu- 
lion  is  ftill  further  corroborated  by  the  fourth  pro- 
jjofitioa;  whence  it  appears,  that  the  quantify  of 
the  inflammable  principle-  difcharged,  and  of  ele- 
mentary fire  ablbrbed,  in  the  procefs  of  refpira- 
tion, is  greater  or  lefs,  in  proportion  as  the  animal 
is  cxpofed  to  a  colder  or  to  a  warmer  medium. 
The  explanation  of  the  caufe  of  combuftion  is  as 
follows. 

It  appears,  by  experiment,  that  the  purer  part 
of  atmofpherical '  air  contains  much  elementary 
fire ;  that  when  it  is  converted  into  fixed  air  and 
aqueous  vapour,  the  greater  part  of  this  fire  is  de- 
tached ;  and  that  the  capacities  of  bodies  for  con- 
taining heat  are  increafed  by  the.  changes  which 
they  undergo  in  the  procefs  of  combuftion. 

Hence  it  is  inferred,  that  the  heat  which  is 

produced  by  combuftion,  is  derived  from  the  air, 

and  not  from  the  inflammable  body;  for  inflam- 

I       flltf*|feJy^^  contain  little  elementary  fire.    Atmo- 

R^HHBHjifaA^Oi  mtrary,  abounds  with  this 

I^^^^^^^Bfe^  f^  of  inflammation,  the 
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pure  air  is,  for  the  moft  part,  converted  into  fix- 
ed air  and  aqueous  vapour,  and  at  the  fame  time 
gives  off  a  great  proportion  of  it's  fire,  which,  when 
extricated,  fuddenly  burfts  forth  into  flame,  and 
produces  an  intenfe  degree  of  fenfible  heat.     It  it 
inferred,  on  the  contrary,  that  no  part  of  the  heat 
can  be  derived  from  the  combuftible  body;  for  the 
combuftible  body,  during  the  inflammation,  un* 
dergoes  a  change  fimilar  to  that  which  is  pro- 
duced in  the  blood  by  the  procefs  of  refpiration, 
in  confequence  of  which  it's  capacity  for  contain* 
ihg  heat  is  increafed;  it  therefore  will  not  give 
off  any  part  of  it's  heat ;  but  like  the  blood,  in  it's 
pafllage   through   the  lungs,  it  will  abforb   heat. 
Hence  Dr.  Crawford  concludes,  that  the  fenfible 
heat,  which  is  excited  in  combuftion,  depends  upon 
the  feparation  of  fire  from  the  purer  part  of  the 
atmofpherical  air.     If  the  quantity  of  air,  which 
is  changed  by  the  procefs  of  combuftion  in  a  given 
time,  be  very  great,  the  change  is  attended  with 
much  light,  with  a  vivid  flame,  and  with  intenfe 
heat ;  but  if  the  alteration  in  the  air  be  flow  and 
gradual,  the  heat  pafles  ofl^  imperceptibly  to  the 
furrounding  bodies. 

It  is  hardly  neceflary  to  obfcrve  to  you,  that 

Dr.  Crawford's  ingenious  theory  diflfers,  in  fomc 

refpeds,  from  what  has  been  already  laid  down  in 

thefe  Ledures;  it  remains  for  you  to  decide  which 

is  moft  conformable  to  natural  appearances.     In 

«.k;o  '^^rifion  you  will  be  afllfted  by  the  fadts  and 

ations  that  will  be  introduced  in   fome  of 

fequent    Lc<il:ures.    I  Ihall  therefore  con-» 

[lis  with  a  few  general  obfervations  on  the 

*  of  capacities  for  fire, 

I  proper  eftimate  c^n  be  made  of  the  quan^ 

■   heat  bodies  are  capable  of  givioj     ^^* 

g,    unlefs    fire   never  acted   in  a*— 

in  by  aftedting  or  dilating   the 
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This,  however,  is  not  the  cafe ;  for  fire  appears  td 
reiift  other  aftions  of  bodies  befides  that  of  gravi- 
tation. Unlefs  therefore  it  be  fuppofed,  that  in 
the  various  compofitions,  which  take  place  even 
in  the  moft  homogeneous  fubftances,^  the  different 
kinds  of  matter  are  equally  proportioned  and  dif- 
pofed,  IK>  rule  can  be  properly  formed  with  re- 
gard to  the  quantity  of  heat,  which  bodies  of  dif^ 
fcrcnt  fubftances  Ihould  give  or  receive,  when  the 
^uilibrium  of  heat  among  them  and  furrounding 
bodies  is  changed. 

But  further,  the  weight  of  bodies  is  not  the 
part  which  Ihould  be  confidered  in  the  theory  of 
capacities ;  it  is  their  volume,  or  the  fpace  they 
occupy,  which  Ihould  be  chiefly  attended  to ;  for 
ft  vacuum^  which  has  no  weight,  contains  fire^  Nor 
are  the  different  degrees  of  tendency  among  the 
particles  of  the  fubilances  to  be  noticed  in  this 
theory ;  for  in  a  vacuum  there  is  no  fenfible  fub- 
Hance  to  refift  the  dilatation  of  fire,  yet  it  is  as 
much  compreffed,  or  (hews  the  fame  degree  of  ex- 
panfibility  as  in  other  fubftances  of  the  fame  tem- 
perature. From  hence  it  is  highly  probable,  that 
the  phenomena  of  capacities  are  occafioned  by  the 
cxpanfive  faculty  of  fire;  for  no  one  can  doubt, 
that  at  the  fame  temperature,  and  with  the  fame 
volume,  but  what  there  is  lefs  in  a  vacuum  than 
in  other  bodies. 

Although  the  Torricellian  vacuum,  when  well 
made,  feems  deprived  of  every  fenfible  fubftance, 
a  thermometer  included  in  this  place  would  con- 
form itfelf  %o  the  exterior  temperature,  as  if  it 
were  in  the  air,  in  water,  or  any  other  fubftance. 
If  then  it's  expanfive  faculty  does  not  augment  in 
this  fpace,  where  it  is  the  only  known  fubftance, 
it  ought  to  be  in  greater  quantities  there  than  in 
any  ofher  equal  fpace  occupiecj  partly  by  the  par- 
ticles of  another  iiibftance.     But  it  is  probable,  of 

equal 
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equal  fpaces,  it  is  that  which  contains  the  leaft 
fire :  if  any  one  doubts  this  conjedture,  let  him 
try  it  by  experiment,  according  to  the  prefent 
theory  of  capacities  ;  but  firft  let  us  inquire  of 
him  what  weight  he  would  aflign  to  the  vacuum  ?  * 

The  capacity  of  bodies,  with  refpeA  to  hear, 
fuppofes  two  things,  i.  That  there  is  a  quantity 
oidsffujible  fire  lo  be  communicated  among  bodies  : 
and  2dly,  that  there  is  an  equilibrium  ftate  o£ 
heat  to  be  formed  among  them,  by  each  giving  or 
receiving  it's  proper  quantity.  This  transferable 
fubftance  may  be  termed  diffujible  fire^  to  diftin- 
guifh  it  from  the  covjiitut tonal  fire  of  bodies,  which 
is  not  immediately  ditfulible. 

In  the  conftitutional  fire  of  bodies,  two 
fpecies  may  be  diftinguilhed,  according  as  the  bo- 
dies are  folid  (concreted)  or  fluid.  But  every  na- 
tural body  muft  have  a  certain  degree  of  confti- 
tutional fire,  without  which  the  diftenfion  of  the 
body  would  be  extinguiflied  by  the  condenfing 
powers.  Thus  then  is  the  conjlituilonal  fire  of 
'uolume,  or  power  of  diftenfion,  heceflarily  oppofcd 
to  a  certain  quantity  of  gravitating  or  condcnfing 
power. 

Volume,  in  natural  bodies,  is  an  eflential  qua- 
lity, and  fire  ading  as  heat  in  volume,  is  an  cf- 
feniial  principle.  There  is  therefore  in  bodies  a 
conftitutional  degree  of  heat  which  cannot  be  fe- 
parated ;  and  it  is  only  the  fupcrfluous  heat,  which 
may  be  difiufed  among  bodies,  according  to  their 
capacities  for  receiving  it. 

But  as  volume  in  bodies  is  a  changeable  qua- 
lity, there  may  be  a  certain  quantity  of  fire,  which 
in  one  degree  of  diftenfion  may  be  confidered  as 
conftitutional  for  that  particular  volume,  which 
in  another  degree,  or  in  a  difix^rent  volume,  mi|^t 
become  fuperrtuous  and  ditfufible. 

Bodiqs 
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Bodies  are  found  to  be  compofed  of  two  dif- 
ferent kinds  of  matter,  and  to  fubfift  in  three  dif* 
^in<5l  dates  or  modifications  of  their  compound  (lib- 
^bince ;  which  three  ftates  are  commutable,  ac- 
cording to  the  changed  proportions  and  circum- 
Aances  of  the  matter  or  conftituent  principle* 
Hardnels  may  be  conlidered  as  the  firft  of  thofe 
ihites,  in  which  the  power  of  concretion,  as  well 
as   gravitation,    is  found   to  prevail.    Secondly, 
there  is  foftnefs  or  fluidity,  in  which  nothing  but 
the  power  of  gravitation  is  perceived,  and  when 
the  power  of  concretion  is  balianced  by  a  certain 
quantity  of  fire,  diftinguiihed  by  the  name  of  la- 
tent fire.    And  thirdly,  we  find  the  ftatc  of  fluid 
clafticity,  where  not  only  the  power  of  concretion 
is  balianced  by  a  certain  quantity  of  fire,  but  alfo 
the  power  of  gravitation,  which  fhould  tend  con- 
tinually to  diminifh  the  volume  of  the  body,  is  op- 
poCed  by  another  quantity  of  fire,  imparting  elaf- 
ticity  and  expanfion  to  the  fubftance  of  this  body. 

The  diffufion  of  fire  is  an  adtion  and  effedl  of 
this  matter,  diftindtly  different  from  thofe  which 
are  produced  by  oppofing  the  gravitation  and  con- 
cretion of  matter  in  a  body. 

The  diflrufion  of  fire  is  a  peculiar  a(flion  there- 
of, and  which,  like  every  other  event,  takes  place 
only  when  the  proper  conditions  for  this  a(5tion  (hall 
arrive ;  it  is  therefore  by  knowing  thofe  conditions 
that  this  operation  in  bodies  is  to  be  underflood, 
as  it  is  by  the  changed  volume,  and  different  ftates 
of  bodies  with  refpedl  to  hardnefs  and  fluidity,  as 
alfo  by  our  fenfations,  that  this  diffufion  of  fire, 
from  one  body  to  another,  may  be  concluded  as 
having  taken  place. 

To  purfue  this  element  in  it's  various  modifi- 
cations, you  muft  difcriminate  the  aidtion  of  fire, 
it  oppofes  and  ballances  the  adiion  of  gravi- 
and  of  hardnefs,  from  that  operation  of 

tranfition, 

^^  Digitized  by  CjOOQIC 


41  a     Lectures  on  Natural  Philosopht. 

tranfition,  by  which  it  is  tranflated  from  one  body 
to  another,  or  by  which  without  changing  the 
body  it  leaves  the  oppolition  and  ballance  of  one 
power  in  order  to  reiift  another.  This  eledtivc 
adion  of  fire  neceflarily  requires  conditions, 
without  which  matter  never  adls.  But  fuch 
is  our  imperfedt  knowledge  of  the  conftitu- 
tion  of  material  things,  that  we  cannot  attempt 
to  give  a  detail  of  the  conditions  by  which  the 
adion  of  tranfition  in  fire  may  be  influenced  or 
affecaed. 

Though  we  cannot  perceive  the  condition  of 
thcfe  adions,  yet  enough  has  been  inveftigated  to 
difcover  wifdom  in  the  laws  of  actions,  by  which 
thofe  conditions  are  conceived  to  be  rendered  fub- 
fervient  to  certain  ends.  The  manifold  operations 
neceflary  to  produce  hardnefs,  foftnefs,  fluidity, 
&c.  in  all  their  various  degrees,  are  condudoi 
amidft  powers  indefinitely  multiplied,  combined, 
and  oppofed ;  yet  there  does  not  -appear  the  leaft 
tonfufion  or  diforder  in  the  effedt. 

1  have  now  finilhed  the  Ledures  on  fire,  in 
which  I  have  given  you  a  general  account  of  it's 
agency  and  operation.  You  have  feen  it  produce  the 
jnoft  wonderful  changes  in  bodies :  thefe  and  va- 
rious of  it's  effefts  are  well  known,  while  it's  own 
nature  ftill  remains  amongft  the  moft  infcrutablc 
myfterics.  It  manifefts  itfelf  in  a  variety  of  forms, 
a  diverfity  and  apparent  contrariety  of  efFefts ;  it 
dwells  in  the  moft  compared  ice,  and  is  quiefcent 
in  the  dark  flint,  yet  difFufes  a  world  of  light 
through  the  planetary  fyftem.  It's  operations  are 
reducible  to  no  ftandard ;  for  it  a<S:s  according  to 
the  kingdom  in  which  it  moves,  and  the  fubject  it 
poflefles ;  in  heaven  it  is  a  celeftial  fire,  and  the 
principle  of  a  joyous  life;  in  hell  it  is  a  hellilh 
fire,  and  afource  of  torment;  in  this  mixt  world 
of  good  and  evil,   ic  aflfumes  more  forms   than 

Proteus^ 
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Troteus.  It  flaflies  in  lightning,  and  faintly  illu- 
mines the  glow-worm's  feeble  lamp ;  it  warms  us 
by  the  confumption  of  our  fuel ;  it  deftroys  and 
prcfervcs  life,  and  is  the  root  of  all  vitality,  from 
the  higheft  archangel  to  the  leaft  minim  in  nature. 
Without  it  there  would  be  neither  vegetation,  nor 
animality,  nor  appetite,  nor  coniundtion,  nor  fe- 
cundity, nor  growth.  In  a  wordf,  it  may  be  con- 
fiderecl  in  it*s  miniftry,  under  the  Omnipotent  Ar^ 
iificer^  as  the  foul  of  the  world,  and  the  life  of 
creation. 

The  rays  of  the  fun,  or  the  heat  of  an  artificial 
fire,  which  is  equivalent,  are  fo  abfolutely  neceflary 
to  the  growth  of  herbs,  that  in  their  feafon  for 
taking  in  the  fap,  in  their  ftaturc,  and  in  their  qua- 
lities they  are  wholly  influenced  by  the  folar  rays. 
The  plants  which  are  loweft  in  ftature  appear  firft 
early  in  the  fpring ;  thefe  are  fucceeded  by  others 
of  a  lai^er  fize,  till  at  laft  the  under  fhrubs  and 
trees  put  forth  in  their  order ;  when  the  fun  is  at 
it*s  greateft  exaltation  in  fummer,  the  whole  ve- 
getable creation  is  in  it's  greateft  glory  and  beauty. 
As  the  fun  declines,  this  vegetative  motion  lan^ 
guiflies ;  and  the  order  they  obferved  in  putting 
forth  their  leaves,  flowers,  and  fruits,  is  now  in- 
verted in  their  decay  ;  the  tailed  trees  are  generally 
the  firft  that  drop  their  leaves,  and  the  lower  fol- 
low at  a  proper  diftance,  till  by  degrees  the  fmall- 
eft  fhrubs,  except  evcr-greens,  are  all  ftript  cff 
their  covering,  and  fo  continue  till  the  fun,  at  his 
return,  puts  new  life  andmoifture  into  their  veins. 
It  is  to  the  powerful  agency  of  fire  you  muft  recur 
to  account  for  the  alterations  of  which  the  bodies 
of  vegetables  and  animals  are  fufceptible.  The 
motion  of  the  fap,  the  mild  fermentation  which 
ripens  fruit,  the  compofition  of  animal  fluids,  their 
decompofition,  fucceilivc  changes  and  putrifrac- 

tion^ 
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tion,  in  thefe  and  infinitely  other  phenomena,  firt 
is  the  governing  principle, 

Air^  light,    and  fire,   arc  the  inftruments, 
which  God  has  manifeftly  ordained  as  fecondary  and 
fubfervient  to  his  own  power  in  the  oeconomy  of 
the  material  world ;  and  they  are  h  univerfally  ex- 
tended and  incorporated  with  other  things,  as  to 
be  ferviceable  in  the  motion  of  all  it's  particular 
parts.    One  or  the  other  of  thefe  is  prefent  to  all 
thofe  efFeds  which  have  fallen  under  the  obferva- 
tion  of  philofophers.     This  conclufion  may  indeed 
be  deduced  from  premifes  plain  and  obvious,  with- 
out the  afliftance  of  philofophy  or  the  mathematics. 
For  what  learning  is  neceflary  to  difcover  that  light 
gives  fight  to  the  eyes?  that  air  is  the  breath  of  life? 
and  that  withbut  fire,  applied  to  it's  proper  degree, 
the  blood  is  congealed  and  the  limbs  are  inflexible? 
All  this  is  evident  to  the  molt  undifciplined  ap- 
prehenfion  :  for  a  man  is  no  fooner  born  into  the 
world,  than  he  makes   moft  of  the  experiments 
neceflary  for  obtaining  this  knowledge ;  and  he 
may  challenge  the  moft  fubtlephilofopher,  to  name 
the  fubftance  or  fluid  that  can  fupply  the  place  of 
cither  of  them. 

Before  I  quit  this  fubjed,  it  will  not  be  unen- 
tertaining  totakea  fliort  view  of  fome  parts  of  my- 
thological learning.  *•  When  the  world,**  fays  the 
learned  author  of  the  Trinitarian  Analogy,  **by  fol- 
lowing it's  own  wifdom,  departed  from  the  true 
God,  they  left  the  fubftance,  and  kept  the  ftiadow ; 
they  worftiipped  the  creature  ihftead  of  the  Crea- 
tor ;  but  ftill  they  were  right  thus  far,  in  that  they 
retained  as  the  objects  thofe  very  elements  of  the 
natural  creation,  which  had  been  appropriated  to 
give  them  ideas  of  the  Creator.  In  this  capacity 
us  fubftitutes,  they  were  the  truth  of  Gods  but 
when  deified  in  themfelves,  and  taken  as  princ>« 
pals,  they  were  changed  into  a  lie. 
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*'  Fire,  light,  and  air,  the  fcriptural  emblems, 
were  univerfally  adored  throughout  the  heathen 
world.  Moloch  in  Syria,  Apis  in  Egypt,  Vulcan 
in  Greece  and  luly,  were  names  given  to  the  cle- 
ment of  fire.  Light  was  wor (hipped  under  the 
names  of  Apollo,  Mithras,  &c.*  No  Latin  fcholar 
need  be  told  that  Jupiter  was  the  air ;  the  poets^ 
even  ufing  the  proper  name  of  Jupiter,  as  an  ap- 
pellative term  tofignify  the  air;  and  all  the  epi- 
thets given  to  him  arc  applicable  to  the  fame 
clement." 

This  I  fhall  further  develope  in  the  hiftory  of 
Vulcan^  who  in  the  general  fenfe  feems  to  be  the 
univerfal  fire  diflfiifed  through  the  vafi  majs  of  in- 
ert matter,  which  in  a  prior  form  was  thought  to 
be  water.  The  moft  ancient  philofophers  of  Egypt 
and  Greece  agreed  in  confidering  water  as  the 
matter,  the  hyle,  or  mother  of  all  things ;  and  fire 
the  father  of  it's  life  and  animation.! 

Fife,  the  moft  adive,  univerfal,  and  prolific 
agent,  cannot  operate  upon  itfelf ;  it  requires  a  wife, 
a  female,  a  lower  matter  whereby  to  manifeft  if* 
aftonifhing  and  various  cfFcds ;  and  when  matter  or 
Venus  is  united  thereto,  fire,  which  feems  one 
fimple  and  uncompounded  elTence,  puts  on  ten 
thoufand  beautiful  forms,  colours,  and  motions, 
through  every  department  of  nature;  from  mine- 
rals, by  a  gradual  afccnt,  to  vegetables,  to  ani- 
mals, to  man. 

When  the  fpark  or  atom  of  fire  lies  hid  in 

primary 

*  Bacchus,  or  wine,  18  the  folar  fire  in  the  juice  of  the  grape, 
fo  tin£lured  with  it's  genial  beams,  as  to  be  capable,  when  drank 
with  temperance  and  moderation,  to  exhilarate  t)ie  body,  mind, 
and  imagination. 

t  Sec  R.  Clarke's  Series  of  Letters,  Vol.  i. 
Jones's  Phyfiological  Difquifuions. 
■'  Letters  from  a  Tutor  to  h;s  Pupil^ 

Harris's  Hermes. 
Maurice's  Hiftory  of  Hlndoflaa, 
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primary  piatter,  it  is  dark,  deformed,  and  no  wayi 
promifing  fuch  a  feir  contexture  and  life  as  it 
wilhbe  clothed  with  when  it  has  built  it's  houfe  or 
body:,  in  which  it  fecms  dormant  awhile.  In  this 
fenfeit  was  Vulcan  deformis. 

But  fire  united  with  matter,  Vulcan  to  Ventis, 
or  matter  yielding  to  the  iignatures  impreffed  by 
this  univerfal  agent,  is  the  father  of  the  wonderful 
variety  as  well  as  uniformity  fo  confpicuous  in  the 
great  theatre  of  the  vifible  world.  Being  dark  and 
invifible  in  it's  internal  operation,  when  bedded 
in  the  feed  and  center  of  all  things ;  Vulcan,  in 
reference  to  this  (late,  may  be  well  called  black 
and  ugly.  Confider  any  feed,  fee  how  it  putrifies, 
grows  black  and  foetid,  before  it  rifes  into  a 
new  life  of  vegetation  and  animation ;  and  who 
would  think  that  this  deformed  procefs  in  naturcj, 
the  handmaid  of  Providence,  fhould  lead  to  the 
evolutions  of  fcich  variegated  beauties  and  powers  as 
nature  afllimes,  in  the  diverfity  of  corporeal  forms, 
in  every  fcale  of  being  animate  and  inanimate, 
fenfitive  and  rational  ? 

Vulcan  reprefenting  the  principle  of  fire  in 
nature,  was  confidered  as  married  to  Venus,  who 
fprung  from  the  fea  or  watery  element ;  thus  is  this 
wife  the  apparent  mother  of  grace,  beauty,  colour, 
figure,  and  motion ;  for  with  the  ancients  matter  in 
every  living  form  began  from  water,and  having  pair- 
ed through  various  changes  effedted  byfire,manifefW 
that  inexpreflible  variety  difplayed  through  all  the 
creation.  Hence  Venus,  or  water,  rifing  up  into 
the  forms  of  trees,  flowers,  and  vegetables,  into 
birds  of  variegated  plumage,  into  animals  of  dif- 
ferent kinds  of  cloatning,  and  laftly  and  moft  per^ 
fedly  in  man  the  microcofm,  was  called  the  mo- 
ther of  the  graces,  moft  beautiful  and  naked,  be- 
caufe  nature  in  all  ifs  profufion  of  forms  and  co- 
lours, h  moft  amiable  in  her  own  fimplicity. 

Vulcan 
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VulcJin  was  tardipfs,  or  flow-footed,  becaufc 
in  the  theatre  of  nature  his  fteps  arefcarce  percep-* 
tible^  and  his  progrefs  fo  flow  and  gradual,  as  not 
to  be  leen  but  at  difl:ant;  intervals.  From  this  fmall 
Ipccimen,  which  Ijmuft  leave  you  to  purfue  further 
for  your  own  profit  and  entertainment,  you  will  be 
led  to  fee,  ^that  there  is  ,a  ftriking  alliance  between 
the  theojogy;  of  fcripture,  the  conftitution  of  na- 
ture^, and  the  mythological  myfteries  of  heathen- 
ifm.    .1  fljall  only  obierve  further,  that  fcripture 
fcldom,  if  ever,  reproaches  the  nations  for  deifying 
metij,  but  for  worfhipping  th,c  fun,  rpoon,  planets, 
earth,  air^  and  water,  under  fanciful  imag^  of  their 
own   iiivcntion,  after  the  forms  of  men,  beafts^ 
planet$»  &c. 

2dly,  That  all  diftinguiflied  names  are  formed 
from  allufions  to  fire  ana  light,  and  that  language 
divcfted  of  metaphorical  and  topical  exprefliona 
deduced  from  this  fource  would  lofe  all  it's  fpiric 
and  energy. 

The  Rev.  Mr.  Jones  has  fliewn,  that  the  aq- 
count  of  the  generation  of  the  world,  and  it's  prq- 
fcnt  oeconomy, .  is  revealed  in  fcripture,  not  with 
the  defign  of  fending  us  to  fchool  to  learn  philq- 
fophy  as  a  fcience,  but  with  a  view  to  the  interefts 
of  religipp,  and  therefore  fo  far  only  as  religion 
is  concerned;  and  that  nature  is  referred  to  in  the 
Bible  for  threegrcat  ends  :  ifl:.  To  guard  men  from 
error,  adly.  To  open  their  underfl:anding  by  ex- 
plaining fpiritual  truth  from  natural  imagery* 
3dly,  To  infpire  them  with  fentiments  of  devotion. 
The  whole  is  fo  performed  as  to  guard  the  Hebrews 
from-  the  dangerous  and  profane  dodrine  of  the 
gentiles,  who  like  modern  philofophers  conlpired 
univerfally  to  deify  nature,  and  confound  the  Crea- 
tor with  his  works ;  and  to  give  to  the  world  itfelf 
that  adoration  which  is  only  due  to  it's  maker. 
The  fcripture  therefore  fets  forth  the  powdr 
Vol.  I.  E  c  of 
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of  the  trae  God,  the  maker  of  heaven  and  eartfa, 
and  defcribes  the  natural  dominion  of  <he  ehemcntj 
as  dependent  on  the  power  of  the  Creator :  that  the 
fun,  the  moon,  and  the  hoft  of  heaven,  obfcrvc  the 
law  they  received  from  him  in  the  beginning  of  the 
worlds    of  which  fubordination  and  dependancc 
the  heathens  had  loft  the  knowfedge,  thfoii|gh  the 
aiFe(9:ation  of  philofophical  wifcfom,  till  at  length 
nature  itfelf  took  the  place  of  the  Creator ;  the 
fubftance  of  the  elements  was  confounded  with  the 
fubftance  of  the  Deity ;  the  fubtle  matter  of  fire 
w  as  held  to  be  the  foul  of  the  world  ;  the  pou'ers 
of  heaven  and  earth  became  fo  many  diftinc^  dhri- 
nities;  and  the  hiftory  of  their  operations  was  con- 
verted into  a  religious  myftery,  fuch  as  you  every 
w  here  find  in  the  occult  do<ftrine  of  the  Pagan 
mythology.* 

The  fource  of  the  hieroglyphical  language  of 
the  ancients  can  only  be  traced  with  certainty  from 
the  fcriptures.     It  is  dependent  on  an  important 
truth,  that  the  vifible  world  is  reprefenutive  of 
the  invifible ;  that  the  properties,  forms,  and  mo- 
tions of  the  one,  were  copies,  images,  and  fhadows 
of  the  attributes,  qualities,  and  laws  of  the  other. 
The  knowledge  therefore  of  philofophy,  when  in 
it's  proper  place,  enlarges  the  underftanding,  by 
giving  it  a  profped:  of  both  worlds,  of  one  from  the 
other,  of  the  invifible  from  the  vifible.     The  pow- 
ers of  nature  are  fymbolical  of  the  powers  of  the 
Deity,  and  are  applied  in  that  capacity  in  numerous 
paflages  of  fcripture. 

*  Joncs*ft  Phyfiological  Difquifitions,  introdu&ion,  p.  xr. 
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ELASTIC   FLUIDS. 


LECTURE  X. 


EVERY  thing  around  us,  all  that  is  within  us, 
as  it  were  with  one  voice  (peak  thft  language 
of  the  apoftlc,  and  aflert  that  GOD  IS  LOVE. 
Examine  the  material  fyftem  extending  throughoiic 
heaven  and  earth,  aind  it  prefents  you  with  a  vari- 
c^ted  fcenc  rich  in  ufe  and  beauty ;  for  far  and 
wide  as  is  the  vaft  range  of  exiftencc,  fo  far  is  the 
divine  benevolence  extended.  You  will  find  the 
meaneft  and  minuteft  objedts  not  without 'their  ufe 
and  importance,  the  moft  diftafteful  not  without 


their  fweetnefs,  the  moft 


arring  and  difcordant  not 


without  their  order  and  hanriony ;  the  moft  dark 
and  ftiadedi  the  moft  crooked  and  deformed,  giving 
luftre  to  others,  and  recdmmending  the  ftiapely  ana 
the  beautiful. 

The  learning  and  philofophy  of  ages  have  been 
employed  in  exploring  the  works  of  the  Creator: 
which  the  more  they  are  examined,  confpirc  ftill 
the  more  to  manifeft  his  wifdom  and  goodnefs : 
evident  proofs  of  this  vou  will  find  in  the  prefent 
Lefture.  The  ufes  and  ends^  the  objefts  and  or-» 
gans  in  the  natural  and  moral  world,  both  the  lit^ 
tiencfs  and  greatnefs  of  the  phenomena,  give  the 
clcareft,  the  ftrongeft,  and  moft  ftriking  proofs  of 
a  beneficent  Cr^tor.  The  univerfe,  feen  by  a 
E  c  2  devout 
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devout  eye,  appears  as  an  immenfc  fpherc  depend 
mg  by  a  chain  of  goJ|d  fronsi  the  throne  of  God, 
infcribed  on  every  fiide  with  divine  charaders> 
moving  in.dirvine  order  and  harmony,,  and  relplcn- 
dent  wish  divine  fight  and  beauty. 

But  though  the  kingdom  of  God  is  in  fome  fore 
cxpreflive  of  the  nature  and  charadter  of  it's  Autbar 
and  King;,  yet  the  difplays  theyeof  are  partial  and 
confined^  fuited  lo  the  capacities  of  it's  feveral 
fubjeda,  but  opening  and  enlarging  in  proportion 
to  the  improvements  they  make  inr  every  jprefent 
difpenfetion.   Thbugh.thc  kingdom  of  God  is  like 
his  attributes^  ever  full    and  perfedt;   yet  with 
^efpcd  to  us,  it  muft  ever  be  partial  and  progreflhre, 
adapted  ta  the  (late  of  our  natural  and  moral  capa- 
cities :  it  is  pcrfedl  in  every  fpring  and  wheel  as  in 
the  whole  machine,  in  the  originAs  in  the  progrefe 
and  confummation.     Divine  philofophy,  like  an 
<)ptical  cylinder,  fets  all  objcdts  .right,  ranges  them 
in  their  due  places,  and  raifcs  what  appears  to  the 
naked  eye  a  confufed  hcapof  tinesy  colours,  and 
figures,  into  regular  forms,  members,  and  bodies. 
Every  individual  being,  or  producflion  in  na- 
ture, even  the  minutcft,  when   enlarged  to   the 
human  fight  by  a  microfcope,   is  a  fpe£laclc  of 
beauty.     As  much,  even  of  the  external  world,  of 
Jky\  ocean,  and  earth,  as  the  human  eye  is  able  to 
take  in  at  one  view  from  the  fummit  of  a  high  hiH, 
in  a  fertile  cguntr>'  near  the  fea,  in  a  fun-lhiny  day, 
or  in  a  ftar-light  night,  affords  the  moft  fubliroe 
and  magnificent  fcene  of  corporeal  beauty  conceiv- 
able by  man.     Now  all  this  beauty,  beauty  refult- 
r  from  the  orderly  dijpofition  of  various  parts, 
i  the  harmonious  compofition  of  them  together  in 
s  whole,  is  open  to  the  view  of  all  men.     Thcfc 
1  other  beauties  every  where  furrounding  us,  arc 
cafily  perceived  by  the  unlettered  pea^t,  as  the 
it  informed  philofophcr. 

£ttt 
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.  But  beiides  what  is  thus  daily,  obvious  to  an 

qtdinary  beholdei-*s  eye,  the  dcep-fearchingy^/(?- 

giji^^  the  far-travelling  batanijl^  the   curious  fiorift^ 

iT\4  the,  inqiiilitive  zodogijl^  are  in  every  a^e  goingj 

911  to  dilcover  »r7£;  objedls  of  ^<^«/y,  in  thofe  part$ 

of  nature  which  moft  engage  theit  attention  and 

admiration.     The  laborious  ajirdnomer  is  employed 

m  dilcovering  more  and  more  regularity,  harmony, 

and  connedtion  in  the  motion  of  the  celeftial  bodies, 

aftdcoiifcquently  more  and  more  of  order  and  beauty 

in  the  ^rcat  mundane  fyftem.     The  experimentai 

cbemiji,  and  the  ingenious  pbyfiologijl  are  gradually 

iinfoiding  thejbidden  meafures  and  proportions  ufi^ 

in  mixing  the  eiementary  and  minute  parts  of  na-. 

tare,  in  compounding  thefe  mixtures,  ^nd  ia  dc- 

<;ompounding  her  compofite  parts,  that  they  may 

thus  difcover,  how  out  of  invt/itle  materials,  bodies 

arc  framed  vtfibte  to  the  eye  of  outward  fcnfe.  .  In, 

?  word,  every  advan/ceipcnt  made  in  pbyfital  knozv-^ 
edge  is  a  ne\v  difcovery  of  fome  beauty  unfeen  be- 
fore; andof  fuch  difcoveries,!  prefume,  there  never 
can  be  an  end^  and  that  mancanneverattaintoacom^ 
plete  knowledge  of  the  beauties  manifefted  in  nature.. 
Wide  as  the  extent  of  the  univerfe  is  the  wif- 
doni  of  it's  workmarilhip,  not  bounded  and  narrow 
tike  the  humbler  works  of  art :  thefe  are  all  of 
origin  no  higher  than  buman^     We  can  rieadily  trace 
them  to  their  utmoft  limit,  and  with  accuracy  dif-i 
cem  both  their  beginning  and  their  end.     But 
where  is  the  microfcope  that  can  Ihew  us  from  what 
point  wifdom  begins  in  nature  ?*    Where  the  tele- 
tcope  that  can  ddcry  to  what  infinitude  it  extends  ? 
The  more  diligent  our  fearch,  the  more  accurate 
pur  fcrutiny,  the  more  we  iare  convinced  that  our 
labours  can  never  iinifli,  and  that  fubjedtsinex- 
hauftible  remain  behind  ftill  unexplored. 

Enough,  however,  of  this  knowledge  is,  and 
E  e  3  perhaps 

^  Harris's  Herxnes. 
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perhaps  in  aH  ages  hath  been  amongft  men  to  autho- 
rize the  following  conclufion,  that  outward  nature 
throughout  the  univerfe  is  full  of  bcau^ ;  and  from 
this  concfufion  another  will  rationally  follow,  re- 
garding, the  relation  between  effeil  and  cau/?^  that 
the  fountain  of  all  this  beauty^  is  beauty  original^ 
beauty  itjelf,  beauty  uniyer/alj  the  final  and  format 
caufe  of  all  that  good  wHich  is  enjoyed  by  beings 
who  arc  capable  of  any  enjoyment,  and  of  all  that 
ieauty  which  is  epjoy«i  by  fuch  as  have  ^  fcnfe  of 
beauty.  Supreme  Spirit !  thine  is  the  divine  charm 
by  which  mountain  and  valley,  ^oreft  and  ocean, 
wondrous  animal,  ^hd  a  wliole  creation,  in  beaacy 
and  proportion  arife  to  being.'  Let  but  a  few  atj 
tradtions  ceafe,  in  whpfe  bonds  you  grafp  them, 
and  the  magic  unive^fc  is  at  an  end;  it  is  without 
forrn  and  void,  arid  the  yery  ruins  thereof  arc  not 
to  be  found. 

As  yoii  proceed  in  thcfe  ftudies,  you  will  find 
nhilofopHers  di^wing  from  fciefitificfources  ample 
llores  of  ufefiil  inventions,  and  extending  their  fpe- 
iculations  to  practical  purpofes  and  objeAs  of  great 
utility,;  and  you  will  be  led  to  tliiiik  with  Lord 
Bacon,  that  when  men  have,  by  proper  indudion, 
attained  a  knowledge  of  the  intimate  qualities  and 
laws  of  things,  they  may  in  the  end  command 
nature,  and  perform  works  as  much  greater  than 
we  fuppofe  practical  by  the  powers  of  natural  ma- 
gic, as  the  real  adlioris  of  a  Caefar  furpafs  the  fie-? 
titious  ones  of  the  hero  of  a  romance.* 

Since  philofophy  has  fbared  into  the  regions 
of  invifible  aerial  fubftances,  has  explored  their 
nature,  and  inveftigated  their  conftituent  princi- 
ples, hiariy  Hidden  veins  of  fciencc  have  been 
opened,  much  wealth  has  been  "acquired,  and  fair 
hopes  of  reward  p'refent  themfel  ve3  to  future  la- 
bourers. 

f  SirJohnPnngVsPifcourfcs. 
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pourers.   You  will  here  fee  how  art  can,  from  mere 
phalk,   unfetter  a  copious  elaflic  fluid,  the  poifon 
of  man,  or  his  medicine,  according  to  the  mode 
of  application;  which,  though  invifiifle,  yet  dilTolves 
earth  and  metals,  and  imparts  fpirit  and  virtue  to 
the  moft  valuable  mineral  waters.     You  will  here 
learn  more  of  that  vital  air,  of  which  we  have  al- 
ready difcourfcd  fo  much.     You  have  already  feen 
how  ncceflary  it  is  to  combuftion;  you  will  now  fee 
how  neceflary  it  is  to  animal  life,  and  be  made  ac- 
quainted with  the  refourccsof  nature,  for  purifying 
our  atmofphere,  which  is  infeded  from   various 
caufes ;  and  learn  how  it  is  replenifhed  with  this 
falutary  and  vivifying  fluid.     The  fubjedl  of  the 
prefcnt  Ledure  is  indeed  intimately  combined  with 
the  preceding.     All  aerial  fluids  owe  their  elaftic 
property, and  aeriform  fl:ate,  to  fire;  fothat  you  arc 
here  only  entering  into  another  province  of  the 
empire  of  this  element. 

Van  Helmont  was  acquainted  with  the  inflam- 
inable  qualities  of  fome  vapours,  and  knew  that 
others  extinguiflicd  flame,  and  fuftbcated  animals, 
but  had  no  idea  that  thofe  fubfl:ariccs  were  capable 
of  being  feparately  exhibited  in  the  form  of  a  per- 
manently elaftic  vapour  not  condenfible  by  cold. 

Mr.  Boyle,  obfcrving  how  much  air  was  con- 
cerned in  moft  of  the  phenomena  of  nature,  and 
how  neceflary  it  was  to  the  exiftence  of  ;inimals„ 
became  folicitous  to  know  whether  a  fluid  of  fa 
great  importance  was  not  producible  by  art ;  alfo 
believing,  that  fuch  air  might  be  made  ferviceable 
to  the  art  of  diving,  and  in/uimarine  navigation.* 
With  thefe  views,  that  admirable  naturalift  fct 
about  making  fome  new  experiments ;  and  from  a 
variety  of  bodies,  by  different  proceflTcs,  obtained  a 

E  e  4  pneumatical 

^  An  attempt  of  Cornelius  Drehell   to  make  a  veflfel  to  row 
under  waier  with  men  in  it. 
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pneumatical  fluid,*  anfwcring  his,  then,  only  cri^ 
tcrion  of  air,  in  being  of  a  durably  elaftic  nature- 
Me  foon  difcovered  that  thefe  new  productions  were 
very  different  from  common  air,  as  they  prefcndy 
cxtinguilhed  flame,  and  fuflfocated  thofe  animals 
that  attempted  to  breathe  in  them, 

Thefe  experiments  were  afterwards  refumcd 
by  the  Rev.  Dr.  Hales,  a  man  worthy  of  our  bed 
cfteem,  for  his  amiable  as  well  as  philofophic  qua- 
lities. He  confirmed  and  extended  the  difcoverics 
of  Mr.  Boyle,  fliewing  not  only  that  air  entered 
into  the  compofition  of  moft  bodies,  but  afcer- 
tained  alfo  the  proportion  it  bore  to  the  reft  of  the 
compound.      JDr.   Hales  examined   likewife  th^ 
mineral  waters,  and  found  them  abound  with  air; 
to  that  circumftance  he  afcribcd  their  fpirit  and 
briflenefs,  but  he  did  not  apprehend  that  the  air  he 
produced  w^  not  common  air,  and  of  the  fame 
kind  with  that  Mr.  Boyle  had  extraded  from  fer- 
menting and  efFervefcing  liquors.      It  muft  be 
owned,  it  was  hard  to  conceive  how  thefe  fprings 
Ihould  owe  their  prime  virtues  to  what  in  another 
manner  of  application  is  fo  deftruftive  of  vitality. 
His  experiments  are  fo  numerous  and  fo  various, 
thit  thfy  are  p;irtly  cfteemed  the  folid  foundation 
of  all  our  knowledge  of  the  fubjed. 

Dr.  Browning  feems  to  have  been  the  firft 
perfon  who  began  clearly  to  unfold  this  myftcry, 
and  Ihew  that  the  waters  of  Pyrmont,  Spa,  &c. 
owed  their  pungency,  and  that  volatile  principle  on 
which  their  virtues  chiefly  depend^  to  an  clajtic 
aerial  fluid. 

The  greateft  iniprovcment   in  this  part  6f 

gneumatics,   feems  to  have  originated  with  Dr. 
lack,  profcflbr  of  chemiftry  in  Edinburgh,  and 

Mr. 

*  From  ripe  fruit,  fermenting  and  tfifervefcing  liquors,  ftnd  from 
the  putrifa^on  of  animal  and  vegetable  fubftances. 
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Mr.  Cavcndifli,  F.  R.^S.  The  influence  of  Dr. 
Black's  difcoveries  has  been  wtry  extenfive,  for 
from  his  fchool  they  were  diffeminated  throughout 
Europe^  by  men  zealous  of  promoting  the  princi-1 
pies  of  their  great  mailer.  Dr.  Black  firft  ihcwcd 
^he  caufc  of  the  caufticity  of  alkalies  and  quick 
limCy  the  effedt  of  adding  fixed  air  to  thefe  bodies^ 
and  of  depriving  them  thereof ;  he  (hewed  that  it 
was  the  prefence  of  fixed  air  in  thefe  fubflances  that 
rendered  them  ntild ;  that  when  deprived  of  it  they 
are  in  that  firate  which  has  been  called  caujlic^  from 
chcir  corroding  and  burning  animal  and  vegetable 
fubftahces ;  and  by  thefe  and  other  difcoveries, 
explained  in  a  clear  and  fimple  manner^,  many  ap- 
pearances in  chemiftry  till  then  deemed  the  moft 
unaccountable. 

Mr.  Cavendilh  added  to  the  method  of  Boyjc 
and  Hales  for  obtaining  permanently  elaftic  fluids, 
the  mode  of  transfufing  them  from  one  veflel  to 
another^  and  of  fubjedling  them  to  examination; 
£y  his  ingenious  and  ftatical  mode  of  operating^  he 
hiis?  given  a  pradlicability  and  accuracy  to  what  is 
now  called  tht  pneumatic  apparatus ,  which  has  fincc 
been  applied  with  extraordinary  iuccels^  together 
with  many  other  important  difcoveries.  There  i% 
no  one  who  has  enriched  this  fubjed^  more  than 
Dr.Prieftley,or  has  analyzed  the  fugacious  element 
of  air  with  more  fuccefs ;  very  few  pages  on  thefe 
iubjedts  will  be  found  that  do  not  contain  fome 
tiifcovery  of  his,  or  fome  improvement  on  the  hints 
he  has  fuggelled ;  and  fcience  will  ever  be  indebted 
to  him  for  his  valuable  difcovery  of  pure  vital  air. 
To  point  out  the  difcoveries  of  Dr.  Prieft^ 
ley  in  this  branch  of  Tcicnce,  would  incroach 
too  I      *  "     exceed 

thofe  and  im« 

porta  o 

tion  ] 
order 
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are  unequalled  among  the  promoters    of 
fcicnce. 

Here  another  labourer  in  fciencc  prefents 
himfelf  to  our  view,  Mayow*  who  filently^  anduD- 
perceived  in  the  obfcurity  of  the,  laft  centuryj  dit. 
covered,  if  not  the  whole  fum  and  fubftance,  yce 
certainly  many  of  thofe  fplendid  truths  which  adorn 
the  writings  of  Prieftley,  Schcele,  Lavoificr^  Craw* 
fordj  and  other  philofopher^^of  this  day. 

"  He' threw  away  with  fcorn  the  vague  ideas 
annexed  by  the  old  chemifts  to  the  terms  fulphur^ 
mercury,  &c.  He  has  clearly  prefented  the  notioa 
of  phlogiflon,  which  rendered  the  name  of  StaU 
fo  celebrated.  He  perceived  the  adion  of  vital 
air  in  almoft  all  the  wide  extent  of  it's  influence. 
He  was  acquainted  with  the  compolition  of  the 
atmofphere,  and  contrived  to  make  the  mixture  of 
nitrous  and  atmofpherical  air.  He  Mas  well  aware 
of  the  caufe  of  the  increafe  of  weight  in  calces,  and 
diftindly  aflcrtcd  that  certain  bafes  are  rendered 
acid  by  the  accefllon  of  nitro^atmofpherical  particles, 
or  what  has  fmce  been  called  an  acidifying  prin- 
ciple. He  difcovered  the  method  of  producing 
fa<tUtious  air,  obferved  it's  permanent  elafticity, 
^uid  what  is  ftill  more  ftrange,  the  nice  art  of  trans- 
ferring it  from  veffel  to  veflel.  The  dodrine  of 
refpi ration  is  all  his  own. 

**  If  Mayow  has  not  clearly  expreflcd  his  opi- 
nions; if  he  ufcs  fuch  ambiguous  expreflions  as 
require  the  afliftance  of  modern  difcoveries  to  in- 
terpret them ;  if  his  experiments  do  not  afford 
decifive  evidence;  if  he  has  not  deduced  the  con- 
fcquences  of  his  principles;  then  let  the  credit 
of  one,  who  difcovered  far,  and  that  by  the  light 
of  his  own  genius,  be  withheld  from  him  in  as 
much  as  he  has  failed  in  any  of  thefe  requifitcs.    I 

can 

*  Dr.  Bcddocs's  Chemical  Experiments  and  Opinions,  cxlrafted 
from  a  work  publiilK^d  in  the  lull  Qcntury, 
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^an  juft  conceive  it  poflible  that  a  fingle  important 

^ifcovery  may  be  made  without  much  fagacity :  an 

»ndiicerning  eye  may  perhaps  by  chance   be  fo 

jplaccd,   as  to  be  aware  of  the  manner  in  which 

nature  performs  fome  one  of  her  hidden  operations: 

%ut  he  who  fhall  furprize  her  often,  muft  be  allowed 

to  have  the  difcerning  eye,  and  to  know  where  the 

proper  point  of  view  is  to  be  found. 

^  Newtpn*s  difcoveries  concerning  light,  ftand 
in  the  fame  predicament  with  M^yow's  on  air: 
both  exhibit  themfelves  as  the  greateft  deviations, 
prefentdd  by  the  whole  hiftory  of  fcience,  from  the 
ordinary  and  natural  pro^refs  of  knowledge  ;  they 
would  undoubtedly  (we  lee  that  it  ha?  adually  hap- 

Ecncd  in  the  one  cafe)  they  would  undoubtedly 
ave  been  fome  time  made,  but  .not  till  a  century 
fbr  two  had  improved  the  talent,  both  of  obferva* 
tion  and  of  refledion ;  though  our  two  illullrious 
countrymen,  like  the  progenitor  of  mankiiid^  when 
the  archangel  had  purged  his  fight 

«^  with  euphrafy  and  rue,*' 
were,  by  a  peculiar  privilege,  admitted  to  the  view 
of  fcenes  referved  for  a  dillant  pofterity." 

Of  the  Pneumatic  Apparatus,  aii^d  of  thi 
Method  of  making  Experiments  ok  various 
KiitDs  OF  Air. 

The  apparatus  before  you  is  fufficient  for 
m(^  of  the  experiments  you  will  have  occafion  to 
make  on  the  different  kinds  of  air«  It  confifls 
of  a  tub  or  trough  of  wood,  with  a  flielf  fixed 
therein :  when  you  arc  ufing  it,  you  muft  fill  it 
with  water,  as  you  fee  it  is  at  prefent,  fo  as  to  rife 
rather  mord  than  an  inch  above  the  upper  Ibrface 
of  the  Ihelf.  Several  glafs  veflels  or  jars  arc  placed 
with  their  mouth  downwards  on  the  Ihelf,     Spe  fig. 

I  take 
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I  take  one  t)f  thefc  jars,  plunge  it  under  the 
water,  and  then  fill  it  therewith,  and  afterwards, 
raife  it  with  the  mouth  downward^,  and  place  it 
on  the  fhelf;  it  continues,  a&you  fee,  full  of  water, 
and  will  do  fo  as  long  as  the  mouth  is  immcrfcd 
therein ;  for  in  this  cafe,  the  water  is  fuflained  in 
the  jar  by  the  prelTure  of  the  atmofphere,  in  the 
fame  manner  as  the  mercury  in  the  barometer. 
From  the  l-edlures  on  air,  it  muft  be  evident  to 
you,  that  if  common  air,  or.  any  fluid  refembling 
common  air  in  lightnefs  and  elafticity,  be  fufFered 
to  enter  thefe  vefl'els,  it  will  rife  to  the  upper  part, 
^d  will  deprefs  and  force  out  part  of  the  water. 

This  glafs  cup  is  full  of  air ;  1  plunge  it  into 
the  water  with  the  mouth  downwards,  and  you  ob- 
ferve  that  fcarcely  any  water  enters  the  cup,  becaufc 
it's  entrance  is  oppofed  by  the  elafticity  of  the  air; 
but  if  I  turn  the  cup  up  it  immediately  fills,  and 
the  air  rifes  in  feveral  bubbles  to  the  furface.  I 
will  now  repeat  the  operation  under  one  of  thefc 
jars  filled  with  water ;  the  air  afcends  as  before, 
put  inftcad  of  joining  the  common  mafs,  is  detained 
in  the  upper  part  of  the  jar.  In  this  manner  y$H 
may  convey  air  from  one  vejfel  into  another  by  a  kind 
i^f  inverted  pourings  by  which  the  air  is  made  tp 
^fcend  from  the  lower  to  the  upper  veffel.  When 
the  hole  in  the  receiver  is  fmall,  I  place  thisfunnel 
inverted  in  one  of  the  holes  of  the  fhelf,  then  put 
the  neck  of  the  receiver  over  that  hole,  and  the  air 
pairing  through  the  funnel  enters  the  receiver  a^ 
befpre. 

Here  is  a  glafs  bottle,  fig.  2,  the  bottom  o( 
which  is  blown  very  thin,  that  it  may  fupport  the 
heat  of  a  candle  fuddenly  applied  without  cracking. 
}n  the  neck  is  fitted  a  ground  ftopple,  which  fqnrn 
the  lower  part  of  the  bent  tube.  By  means  of  the 
flexure  of  the  tube,  I  can  eafily  introduce  the  fur- 
ther end  under  one  of  the  receivers,  and  by  that 

meani 
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it^eans  convey  there  any  air  that  may  be  difengagecj 
from  the  materials.  I  may  put  in  the  bottle  a,Jig.  i, 
pL  6  :  of  thefe  I  have  feveral  fizes  for  different 
purpofes.  Here  is  a  fmall  retort  for  the  fame  pur- 
pofe,  the  neck  of  which  being  plunged  under  one 
of  the  jars,  the  air  extricated  therein  will  be  re^ 
ceived  in  the  jar. 

Many  elaftic  fluids  combine  with  water,  an4 
therefore  require  an  apparatus  in  which  quickfil- 
Vcr  is  made  ufe  of ;  a  marble  trough  is  the  moft 
convenient  for  this  purpofe.  You  operate  with 
mercury  in  this  apparatus  cxaftly  as  with  water  in 
the  former;  but  the  receivers  ufcd  with  it  are 
fmaller  and  ftronger  than  thofe  ufed  with  the  water 
apparatus,     (fig.  3  and  4,  pL  6  J 

When  any  thing,  as  a  fmall  cup,  &c.  is  to  b« 
fiipported  at  a  confiderable  height  within  a  jar,  ic 
is  convenient  to  have  a  bentwire,  which  takes  up 
but  little  room,  and  is  eafily  fitted  to  any  figure  or 
height. 

To  expel  air  from  folid  fubftances  by  means 
of  heat,  a  gun  barrel,  with  the  touch-hole  fcrewed 
tip  and  ri vetted,  is  often  ufed.  The  fubjeft  is  put 
into  the  chamber  of  the  barrel,  and  the  reft  of  the 
bore  is  filled  with  dry  fand  that  has  been  well 
burned,  to  expel  any  air  it  might  contain.  The 
ftem  of  a  tobacco  pipe,  or  a  fmall  glafs  tube,  is 
luted  to  the  orifice  of  the  barrel ;  the  other  end  is 
put  into  the  fire,  that  -  the  air  may  be  extricated 
from  what  it  contains. 

The  moft'accurate  method'  of  procuring  air 
fipbm  feveral  fubftances,  is  to  put  them,  if  they 
will  bear  it,  into  phials  full  of  quickfilver,  and 
thfen  throw  the  focus  of  a  burning  mirror  or  lens 
upon  them. 

To  try  whether  air  be  fit  for  combuftion,  you 
Ihay  put  the  air  into  a  Jong  narrow  veflel,  whofc 

^outh 
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mouth  bein^  carefully  covered  may  be  turned  upu 
Avards  ;  a  piece  of  wax  candle  being  then  faftened 
to  the  end  of  a  wire,  and  fo  bent  that  the  flame 
of  the  candle  may  be  uppermoft,  is  to  be  let  down 
into  the  veflel,  which  muft  be  kept  covered  till  the 
inftant  the  lighted  candle  is  plunged  therein, ♦ 

When  the  change  in  dimeniions,  which  follows 
from  the  mixture  oueveral  kinds  of  air,  is  to  be  af- 
certained,  a  gradual,  narrow,  cylindrical  vciTel  may 
be  made  ufe  of.  The  graduations  may  be  made  by 
pouring  in  fucceflive  equal  meafure$  of  water  into 
this  veffcl,  and  marking  it's  furfacc  at  each  addi- 
tion. This  meafure  may  be  afterwards  ufed  for 
different  kinds  of  air^  and  the  change  of  dimen- 
fion  will  be  Ihewn  by  the  rife  or  fall  of  the  mer- 
cury in  the  graduated  veflel. 

As  the  purity  of  common  air  is  determined  by 
the  diminution  produced  by  the  addition  of  ni* 
trous  air,  thefe  tubes  hav^  been  called  eudiometers. 
There  is  an  inftrument  alfo  adapted  for  meafuring^ 
with  accuracy  the  change  in  bulk  that  arifes  from 
the  mixture  of  thefe  airs. 

The  air-pump  is  ufed  for  extrading  the  air 
from  powders,  and  fuch  fubflances  as  cannot  be 
conveniently  put  into  a  phial,  or  pafled  through  a 
fluid. 

To  pafs  the  ele^ric  fpark  through  diflferent 
kinds  of  air,  a  metallic  wire  is  faflenea  to  the  up- 
per end  of  a  tube,  and  the  fparks  or  fliocks  are 
pafled  through  this  wire  to  the  mercury  or  water 
iifed  to  confine  the  air  ;  or  two  wires  may  be  ce- 
mented in  oppofitc  holes  in  the  fide  of  an  herme- 
tically fealed  tube. 

Of 

♦  See  Cavallo  on  air. 
Nicholfon's  Firft  Principles  of  Chcmiftry. 
But  above  all,  Dr.  PriefUey's  Experiments  and  Obrervattooi 
on  different  Kinds  of  Atr. 
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Op  Elastic  Fluids. 

Elaftic  fluids  arc  thofe  which  have  acqliiredH 
an  aerial  form,  and  which  have  the  appearance  of 
air;  of  thefe  there  are  two  kinds,  thofe  of  gas  or 
permanently  elaftic  fluids,  and  thofe  of  vapour 
which  are  not  permanently  elaftic. 

Permanently  elaftic  fluids^  or  gas,  are  thofe 
which  have  a  great  quantity  of  fire,  fo  clofely  and 
intimately  combined  with  the  particles  of  the  fub- 
Itancei  as  topreferve  their  elafticity  in  every  known 
temperature.  Vapour^  or  not  permanently  elaftic 
fluids ^  are  thofe,  in  which  fire  is  not  fo  clofely  com- 
bined, and  which  eafily  lofe  their  elaftic  ftate  by  z, 
change  of  temperature  or  denfity. 

The  various  ftates  under  which  you  fee  bodies, 
43epcndalmoft  entirely  upon  the  diflferent  quantity, 
nature,  and  degree  of  their  combination  with  fire. 
Fluids  differ  only  from  folids,  becaufe  they  poflefg 
at  the  common  temperature  of  the  atmofphere  the 
quantity  of  fire  which  is  requifite  to  maintain  them 
in  that  ftate.  They  congeal  or  become  folid  with 
greater  or  lefs  facility,  according  as  they  require  a 
greater  or  lefs  quantity  of  fire  ;  fo  that  bodies  feeni 
to  poflefs  three  diftind  quantities  of  fire  : 

1 .  A  certain  quantity  which  always  refifts  the 
.   gravitating  matter  of  the  body,  but  which  may  be 

lq)arated  more  or  lefs  :  fire  thus  adting  is  called 
/enJibLe  heat. 

2.  The  latent  fire  occafioning  fluidity,  by 
which  the  hardnefs  or  concreting  powers  of  a  body 
are  overcomes  this  quantity  is  in  fome  degree 
xneafurablp,  and  might  properly  be  called  the  la^ 
ient  fire  (^fluidity. 

3-  A  certain  quantity  of  fire,  by  which,  un- 
der certain  conditions,  fluids,  &c.  maybe  rendered 
elaftic  :  this  may  be  called  the  latent  fire  of  elafti-* 
*  sity» 

An 
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An  claftic  aeriform  ftuicJi  or  gas,  is  then  sf  pe- 
culiar combination  of  fire  with  a  given  fubflance^ 
To  reduce  a  fubftance  to  the  gafcous  or  aeriform 
Hate,  confifts  in  diflblving  it  in  fire,  and  thereby 
uniting  it  with  an  unknown  fubftance,  from  which 
union  it  acquires  it's  peculiar  qualities.  Whenever 
gas  is  formed,  there  is  an  abforption  of  fire;  and  re- 
ciprocally whenever  gas  paflcs  into  thefolid  or  fluid 
ftate,  the  portion  of  fire  neceflfary  to  conftitutethc 
Hate  of  gas  appears  again  and  is  fet  at  liberty. 

Fire  cxifts  in  every  folid  body;  but  the  fame 
body  contains  more  fire  in  the  liquid  than  in  the 
folid  ftate,  and  ftill  more  when  it  paiTes  into  an 
ieriform  ftate.  It  is  therefore  neceflary  to  diflin- 
guifli  in  every  fpccies  of  gas  the  fir^  which  a8s  as  a 
folvent,  and  the  ftibfiance  which  is  united  to  it^ 
And  ferves  as  a  bafc. 

It  is  evidenr  that  fire  cafily  combines  with 
fome  fubftanccs,  I  have  already  ftiewn  you,  that 
there  are  feveral  that  at  the  temperature  of  the 
itmofphere  are  conftantly  in  the  ftate  of  vapour. 
There  are  others  which '  require  higher  degrees,  in 
order  to  acquire  this  ftate. 

In  the  firft  ftate,  or  that  of  vapour,  they  foon 
lofe  the  fire  which  raifed  them,  and  retum  to  their 
original  form  the  moment  the  fire  finds  colder 
i|)odies  to  combine  with.  In  thcfecond,  or  that  of 
gas,  the  fire  is  fo  combined  with  the  volatilized  Tub- 
glance,  that  the  ordinary  temperature  of.theatnu)-* 
^hcrei^  not  fufiicicnt  to  overcome  the  union. 

Permanently  elaftic  fluids  are  all  comprcffible, 
tranfparent,  colourlefs,  invifible,  and  not  conden-^ 
Table  by  cold.  Some  exift  in  nature  Without  the 
aid  of  art;  they  may  alfo  be  obtained  by  artificial 
inegns.  Others  are  only  procured  by  artificial 
means ;  fome  combine  eafily  with  water,  others  da 
not ;  fo  that  dificrcnt  methods  muft  be  ufed  to  pro- 

curfe 
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zxivc   them,  according  to  the  nature  of  the  fluid 
y^ou  wilh  to  obtain. 

It  will  be  neccflary  before  I  proceed  to  point 

out  a  few  among  the  errors  contained  in  M.  Lavoi- 

licr's  *•  Elements  of  Chemiftrjr;"  errors  which  arc 

highly  prejudicial  to  true^  philofophy,  and  which 

Ihew,  that  however  excellent  he  may  be  as  a  che- 

rnift^  he  mud  not  be  taken  as  a  guide  in  philofophy^ 

as  you  will  eafily  perceive  by  confidering  his  intro- 

dudlibn  to  the  Elements  of  Chemiftry;  for  you  will 

there  find  him  affirming^  **  that  water  raifed  to  thd 

tetnpcrature  of  212  is  .changed  into  vapour,  gas^ 

or   an  aeriform  fluid.'*     By  ufing  thefe  words  as 

fynonymous,   he  introduces  the  utmoft  confufion 

into  philofophy^ 

The  vapour  or  fteafti  of  boiling  Water  is  un- 
doubtedly an  expanfibU  fluid,  but  it  belongs  to 
that  genus  of  thefe  fluids  which  is  deftroyed  by 
prejfure  and  by  cold.  Now  gas  or  aeriform  fluids 
refill  both  the  one  and  the  other  of  thefe  caufesi  and 
arc  therefore  often  named  permanently  elaftic  fluids i, 
ThU  diftindtioh^  which  is  inconteftable,  cannot 
be  ncglefted  without  producing  great  errors. 

From  hence  you  may  deduce  another  error  of 
Mn  Lavoifier'Si  namely,  where  he  aflerts,  *'  that 
all  bodies  are  either  folid  or  liquid,  or  in  the  ftate 
of  an  elafiic  aeriform  vapour,  according  to  the  re- 
lation which  exifts  between  the  aitraStive  force  o£' 
their  molecules^  and  the  repulfive  force  of  heat  ^"* 
for,  on  the  contrary,  there  are  no  known  bodies  to 
which  this  fiatement  applies.  Again  he  affirms^ 
**  that  if  only  thefe  two  forces  exified,  bodies  would 
become  liquid  at  an  indivifible  degree  of  thic  ther- 
mometer, and  would  pafs  inftantaneoufly  from 
folidity  to  aeriform  fluidity  j  thus  water,  for  in- 
ftance,  the  very  moment  when  it  ceafes  to  be  ice^ 
would  begin  to  boil>  and  would  be  transformed 

into  an  aeriform  fluid." ^*  That  this  does  nor 

Vol.  I.  F  f  happen^ 
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happen,  depends  upon  the  acflionof  a  third  force, 
the  preflureof  the  atmofphere." 

Mr.  Lavoifier  falls  into  two  errors  here,  firft, 
by  confidering  the  fteam  of  boiling  water  as  an  aeri- 
form fluid ;  fecondly,  by  fuppofing  that  there  is 
no  other  union  of  fire  and  water  in  an  expanfive 
form,  but  when  the  fluid  produft  is  fufficicntly 
denfc  to  coumerballance  by  itfelf  theprefTureofthc 
atmofpherc.  Whereas  it  is  evident,  from  all  phe- 
nomena and  experiments,  that  aqueous  vapour  is 
formed  in  open  air  at  every  temperature,  and 
mixes  with  the  air  without  being  deftroyed  by  it*s 
prcfTurc.  The  fame  alfo  takes  place  with  other 
fluids  of  the  fame  kind. 

To  prove  this  theory  of  the  produdtion  of 
aeriform  fluids  by  the  fimple  union  of  fire  to  a  liquid, 
w  hen  not  counteradled  by  the  preifure  of  the  at- 
mofphere,  Mr.  L.  cites  thofc  expanfible  fluids 
which  are  formed  in  vacuo  at  the  ordinary  tempe- 
rature of  the  atmofphere,  as  by  ether,  alcohol,  M-atcr, 
and  mercury ;  and  he  gives  to  all  thcfe  mere  pro- 
dudls  of  evaporation,  the  name  of  aeriform  fluids, 
though  neither  of  them  will  refift  cold  or  a  ftrong 
preffure.  But  befides,  thefefame  liquids  evaporate^ 
under  the  preflTure  of  the  atmofphere  as  well  as  in 
vacuc),  there  being  no  diflferencc  in  the  two  cafes, 
but  in  the  time  employed  to  evaporate  the  fam# 
mafs.  In  vacuo  nothing  oppofes  the  adlions  of 
fire,  firfl:  in  detaching  and  then  in  fcparating  to  a 
certain  diftance  the  particles  from  the  furfacc  of 
the  fluid:  the  air  refills  both  thefe  eflfecas,  and 
thus  retards  the  operation  :  but  the  diflFercncc  in- 
fluences only  as  to  time,  for  the  laws  of  evaporation 
are  the  fame  in  vacuo  as  in  open  air. 

Each  particular  kind  of  vapour  has  a  mecha^ 

nifm  peculiar  to  itfelf,  refulting  from  the  velocity 

that  fire  preferves  amongfl:  it's  particles,  and  the 

mqfs  of  the  fubflancc  with  which  it  is  connedcd. 

3      -  Thus 
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Thus  with  particles  of  the  fame  mafs,  the  greater 
the  velocity  of  fire  in  any  kind  of  vapour^  the 
greater  will  be  the  expanfive  force  of  the  vapoun 
There  is  another  law  of  evaporating  liquids  to  be 
attended  to,  namely,  that  different  kinds  will  be 
tnore  or  lefs  denfe  at  the  fame  temperature,  and 
thus  there  nuy  be  different  maxiniums  for  each, 
or  diflances  at  which  their  particles  will  unite  : 
for  the  limits  of  denlity  in  vapour  arife  from  the 
tendency  of  the  particles  to  unite  when  they  arc 
9t  a  certain  diftance.  Thefe  laws  are  exercifed  in 
open  air,  as  in  vacuo,  and  vice  verfa. 

Mr.  1-avoifier  has  been  led  into  thefe  errors 
by  attending  principally  to  the  regular  diminution 
of  the  degree  of  heat  at  which  liquids  boil,  in  pro- 
portion as  there  is  lefs  incumbent  prciTure  on  their 
furface.  Now  ebullition  is  only  an  accidental 
phenomenon,  which  enters  for  nothing  in  the  fun- 
damental theory  of  vapours.  For  if  we  could  ex- 
pel all  the  air  that  is  contained  in  liquids,  they 
would  never  boil,  neither  in  vacuo  nor  in  air,  and 
would  then  only  evaporate  at  their  nakecl  furface. 
The  evaporation  would  indeed  be  flower,  but*  ftill 
under  the  fame  laws,  and  would  acquire  at  the  fame 
tcmperaturean  equal  denlity  with  the  vapours  arifing 
by  ebullition  from  liquids  not  purged  of  air.  For 
the  degree  of  heat  at  which  a  liquid  boils,  is  that 
where  it's  vapours  are  capable  of  fupporting  alone 
the  incumbent  preflure,  and  which  are  formed  in 
the  bofom  of  the  fluid  as  foon  as  there  is  any  folu^ 
tion  of  continuity. 

All  liquids  evaporate  in  open  air,  and  theif 
produds  (vapours)  are  fubjeft  to  the  fame  laws  as 
if  no  air  exifted  ;  but  no  known  liquid  can  alone 
form  an  atmofphere  as  denfe  as  our^s,  at  leaft  fo 
long  as  the  vapours  do  not  change  \  *  e,  for 
as  ioon  as  they  act  ^MHS-a  cercaMjl  f  den- 

li^t  chcf  .^gllllll^lllyiliyip  ^  fu- 

•ior 
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perior  ftrata.  Whereas  an  aeriform  fluid  may  conv* 
pofe  an  atmofphere  without  limits^  for  wc  know 
of  no  degrees  of  preffure  that  will  deftroy  thefc 
fluids. 

Hence  you  fee  how  M.  Lavoifier  errs,  when 
he  affirms,  **  That  the  views  he  has  taken  of  the 
formation  of  aeriform  elaftic  fluids,  or  gas,  throws 
great  light  on  the  original  formation  of  the  atmo- 
fpheres  of  the  planets,  particularly  that  of  our 
earth ;  for  we  readily  conceive  that  this  muft  con- 
lift  of  all  the  fubftances  capable  of  being  evaporated, 
or  rather  of  remaining  in  an  aeriform  ftatc  at  the 
temperature  of  our  atmofphere,  and  under  a  pref- 
fure equal  to  that  of  a  column  of  quickfilvcr  in  jhc 
barometer  28  inches  high."  Now  real  atriform 
fluids  fubfift  at  every  degree  of  known  preffure,  and 
at  every  temperature  ;  but  of  vapours  there  are  none 
known  which  can  alone  fupport  the  total  preffure 
of  the  atmofphere  at  it's  uuial  temperature  with  us. 
•Thus  you  fee  how  one  fmall  error  leads  to  others, 
and  how  readily  a  falfe  principle  is  adopted  to  re- 
gulate the  fyftem  of  nature  by  thofe  who  love  to 
indulge  in  {peculation. 

Expanjible  fluids  are  become,  and  with  reafon, 
one  of  the  moft  intercfting  objedls  for  a  natural 
philofopher,  as  their  compofition  and  dccompo- 
iition  is  connedtcd  with  the  greater  part  of  thofe 
phenomena  that  are  daily  prcfcnted  for  obfervation. 
This  part  of  phyfical  knowledge  was  very  little 
known  before  our  own  time;  by  the  difcovery 
tK/*r/»of,    fcience   has   been  eflentially  promoted. 

hould,  however,  be  careful  not  to  be  feduced 

)vclty,  npr  fuflfer  a  pleafing  profpeft  to  make 

gle<5l  the  fields  already  cultivated. 

M.  Lavoifier  ftill  proceeds  to  heap  error  on 
"  To  fix  (fays  he)  our  ideas  on  this  fubjed, 

ier  what  would  have  happened  to  the 

Lhccs  of  our  globe,  if  it'«  temi 
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fViddenly  altered  ;  if  the  earth  were  fuddenily  tranf- 

j>orted  into  a  very  cold  region,  the  air,  or  at  leaft 

:ionie   of  the  aeriform  fluids  which   compofe  it, 

"\%"Ould  ceafe  to  exift  in  the  ftate  of  elajlic  vapours  / 

for  want  of  a  fufficient  degree  of  heat  they  would 

T'etwrn  to  their  liquid  ftate,   and  new  liquids  would 

fee  formed,  of  which  we  have  at  prefent  no  idea.'' 

in  this  extradlyou  find  the  fame  confufion  of  terms 

'SLS  runs  through  the  whole  of  this  part  of  his  trea- 

xifc ;  hence  alfo  a  confufion  of  phyfical  notions  ; 

for  we  know  of  no  aeriform  fluid  that  is  deftroyed 

by  cold,  nor  is  there  any  jreafon  to  fuppofe.that  there 

are  any  fluids  of  this  kind,  that  by  being  deprived 

jonly  of  fire  are  converted  into  liquids.     With  re- 

fpc<5t  to  vapours,  properly  fo  called,  we  know  of 

none,   (although  there  are  many  kinds  in  our  at^ 

jnofphere,)  but  the  aqueous,  of  which  the  decom^ 

poiition  produces  a  liauid. 

The  fame  (jonfunon  afFedls  other  parts  of  his 
work ;  we  find  him  inferring  from  the  two  oppo- 
fite  fuppofitions  of  extreme  heat  and  extreme 
cold,  "  that  folidity,  liquidity,  and  elafticity,  arc 
only  three  different  ftates  of,  the  fame  matter^ 
three  particular  m'odifications  through  which 
^Imofi  all  fubftances  may  fucceflively  pafs,  and 
which  foleiy  depend  on  the  degree  of  beat.'*  Thefc 
aflfertions  involve  all  our  phyfical  knowledge 
in  obfcurity.  Now  I  know  of  no  fubftanqq  but 
ice  and  metals,  which  pafs  trom  a  folid  ftate  to  thap 
of  a  liquid  by  the  addition  of  fire  alone. 

Forthofe,  which  even  in  appearance  are  fufi^. ' 
ble  alone,  are  not  fo  in  the  fame  manner  after  being 
cooled,  as  they  were  before  fufion ;  which  proves 
in  general,  that  the  fufion  of  thcfe  fubftances  docs 

'        "  r  fire,  but 

:  in  adlion 

lich  paflcs 
from 
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from  a  liquid  to  an  aeriform  date  by  the  addition 
of  fire  alone.  Indeed  this  change  is  ftill  myfterioos, 
and  feveral  links  are  ftill  wanting  in  the  chain^  in 
order  to  unite  it  to  our  prefcnt  knowledge. 

Fire  is  without  doubt  the  caufe  of  the  expan^ 
fion  of  every  phyiical  fubftance ;  but  there  is  none 
that  we  are  acquainted  with>  which  by  the  change 
of  jire  alone  pafs  from  an  aerifortn  ftate  into 
fuch  a  one  as  it  was  known  to  us  when  in  a  concrete 
form,  water  excepted.  Every  air  that  we  produce, 
whether  by  the  application  of  heat  to  certain  fub- 
ilances,  or  by  mixture,  all  leave  a  refiduum,  and 
always  differ  from  the  fubftances  originally  cm- 
ployed,  The  general  means  of  learning  what  part 
of  thefe  fubftances  paffes  into  the  aerial  ftate,  is  by 
a  comparative  analyfis  of  the  fubftance  itfclf,  and 
the  fenfible produd  therefrom, a/rand  the  refiduumi 
but  whoever  confiders  fcrupuloufly  thefe  analyfes, 
muft  acknowledge  that  they  are  too  imperfed  to 
ferve  for  the  foundation  of  anhypothefis. 

Apong  the  various  hypothefes,  the  following 
is  that  which  includes  the  greateft  variety  of  cafes^ 
and  is  of  coyrfe  the  moft  extenfive  in  it's  applica- 
tion ;  namely,  that  whatever  fubftance  is  employed 
to  produce  air,  water  tnltx^  as  a  conftituent  part  of 
that  air ;  that  water  forms  the  ponderable  or  gravis 
fating  part  of  every  aeriform  fluid  ;  that  though 
fire  he  the  immediate  cauft  of  their  aeriform  ex- 
panfibility,  yet  it  does,  not  in  tfiis  cafe  ad:  as  the 
^re  of  dilatation.  Biit  further,  there  is  alfo  fomc 
fubftance  without  weight  which  contributes  to  their 
jinion,  and  which  forms  the  diftinguilhing  charac-? 
teriftiic  of  every  fpecies  of  air. 

From  hence  it  follows,  that  to  decompofc  any 
air,  it  piuft  be  deprived  of  that  fpecific  fubftance 
which  is  the  medium  between  the  watpr  and  the 
^rc.     f  he  nature  of  the  air  may  be  changed,  with- 

\         ■  put 
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out  lofing  it*s  aeriform  exiftcnce,  if  this  interme- 
diate fubftance  be  changed  or  altered. 

Fire,  when  comrn^nicated  to  water,  forms  an 
expanfibie  fluid, "but  not  one  that  is  permanently 
elaftic.     It  is  vapour  or  Jleam  that  may  be  dccom- 
pofed  by  compreflion  or  cold :  but  with  the  addition 
only  of  light  to  thefe  two  fubftances,  an  aeriform 
fluid  is  formed,  as  has  been  ftiewn  by  Dr.  Prieftley. 
M.  die  Luc  alfo,  in  the  courfe  of  his  curious  experi- 
ments on  hygrometry,  obferved,  that  the  heat  of 
the  room  never  produced  any  air  from  a  veffeLfull 
of  water  therein,  but  that  as  foon  as  it  received  the 
incident  rays  of  the  fun,  bubbles  of  air  were  formed, 
and  continued  to  be  formed  as  long  as  the  light  fell 
upon  it.     There  is  in  water  always  a  fufficient 
quantity  of  fire  for  the  produdion  of  vapour,  but 
this  is  not  fufficient  for  the  purpofe  of  the  above- 
mentioned  phenomenon ;    for  vapour  cannot   be 
produced  in  the  midft  of  water  in  the  ordinary 
temperature  of  the  air,  the  production  thereof  is 
prevented  by  the  preflure  of  the  atmofphere ;  but  if 
light  intervenes  in  fufficient  quantity,  it  combines 
with  the  fire  and  the  water,  and  inftead  of  vapour 
produces  an  aeriform  fluid. 

From  what  hath  been  already  faid,  as  well  as 
from  what  will  appear  on  a  further  review  of  the 
fubjed,  I  think  we  may  venture  to  aflert,  that  the 
following  propofit  ions  of  M.  de  Luc  give  the  cleared 
account  of  aeriform  fluids,  are  more  agreeable  to 
obfervation,  lefs  liable  to  objection  than  any  other 
view  of  the  fubjed:,  and  are  more  conformable  to 
the  beft  rules  of  phyfical  reafoning. 

I.  That  there  is  no  inftancc  of  any  fubfl:ance 
pafling  into  a  permanent  aeriform  ftate  merely  by 
the  addition  of  fire.  2.  That  air  or  gas  differs 
from  aqueous  vapour ^  by  the  addition  of  fome  im- 
ponderable fubftance.  3.  That  water  conftitutes 
the  ponderable  part  of  all  aeriform  fluids:  this 
F  f  4  h}  pothe/is 
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hypothefis  is  fupported  by  a  number  of  fadb,  con- 
tradidled  by  none,  and  throws  great-light  on  mete- 
orology.    4.  That  it  is  the  water  of  the  airs  or 
gaffes  which  augments  the  weight  of  thofe  ftib- 
lUnces  to  which  they  unite,  ai^d  diminifties  that  of 
thofe  from  which  they  are  difenga^d,     5.  That 
the  iubftances  peculiar  to  a  certain  foecics  of  aeri- 
form  fluids  are  the  caufe   of  acidity.      6.  That 
pblogsjion,  a  fubftance  ^s  imponderable  as  fire,  is 
a  fubftance  that  diftinguifties  twtry  fpccies  of  ih- 
JHammable  air ;  at  a  certain  degree  of  beat  it  unites 
with  vital  air,   and  this  union  is  the  immediate 
caufe  of  inflammation.     7.  That  bcfidcs  phlogifton 
there  exifts  in  light  inflammable  air,  another  fub- 
ftance tKat  diftinguifhes  it  from  the  whole  clafs  of 
heavier  inflammable  airs;  a  fubftance  fo  affociatcd 
with  phlogifton  as  to  prevent  it'^decompofing  vital 
air,  but  changes  it  intoaoueous  vapoun     8.  ylqur- 
ous.  vapour  a  a  fluid  confifting  fimj>ly  of  water  and 
fire ;  it  is  not '  permanently  aeriform,  becaufe  it 
may"  be  reduced  £q  it's  original  form  by  prcffurc  or 
cold.     9.  That  aqueous  vapour  is   eafily  dccom- 
jpofed,  becaufe  it's'uiiion  with  fire  is  weak;  if  thcr 
were  fo  ftrongly  unite^  c^s  not  to  be  feparated,  unlefs 
by  fome  chemical  affinity^  the  aqueous  vapour  would 
be  changed  into  an  aerifbrfTi  fluid* 

Of  Vitaj,  Air. 

This  ^ijc  y*^$  difcovcred  by  Dr.  Pricftky, 
though  certainly  kiiQwn  to  Pr.  Mayow,  in  the  laft 
century ;  it  is  a  produ<9:io|i  pf  ^,  jDoft  intercftiiig 
paturc  to  philofophy:  it  was  firft  n^med  dephlo- 
gifticated  air.  The  French  chepiifts  confider  it  a$ 
confifting  of  a  bafe  called  Qxigqne,  cpjnbined  with  a 
great  quantity  of  fire. 

The  fuppofed  bafe  has  been  called  by  the 
French  oxigene,  becaufe  they  confider  it  as  tbe  tnic 
^  •  .,....,...    -^  gcidifying 
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acidifying  principle,  witheut  which  there  would 
be  no  ^cid, 

Refpiratioa  produces  the  fame  efFed  on  air 
as  combuftion.  When  an  animal  is  included  in  a 
limited  quantity  of  atmofpherical  air,  it  dies  as 
foon  as  the  air  is  vitiated.  Vital  air,  in  fimilar 
cifcumftances,  maintains  the  life  of  animals  much 
longer  than  common  air.  Vegetables  do  not  thrive 
in  vital  air^ 

No  part  of  the  atmofphere  exhibits  this  air  in 
it's  greateft  degree  of  purity ;  you  will  always  find 
it  combined,  mixed,  or  altered  by  other  fubftances. 
As  it  is  combined  with  various  fubftances,  by  de- 
composition it  may  be  eafily  extracted  and  pro-, 
cured. 

Heat  extricates  it  from  a  variety  of  fubftancesj; 
particularly  from  nitre,  from  allum,  lapis  calami^ 
naris,  and  from  the  native  calx  of  manganefe,  and 
from  thofe  metallic  calces  which  may  be  revivified 
without  inflammable  matter,  as  the  calces  of  mer- 
cury precipitate  per  fe,  and  the  red  precipitate,  01? 
mercury  calcined  by  the  nitrous  acid ;  thefe  furnifli 
it  in  great  quantities, as  you  may  readily  alTure  your- 
felves  by  the  following  experiment.  I  firft  put  an 
ounce  of  red  pr^^cipitate  into  this  bottle,  which  is 
furnifhed  with  a  ground  ftopple  and  bent  tube,  and 
then  place  it  on  a  chafing  diih;  as  foon  as  the  at. 
inofpheric  air  is  all  expelled  by  the  heat,  I  tranfport 
the.  chafing  diih. and  bottle  to  my  pneumatic  tub, 
and  put  the  bent  tube  under  one  of  the  receivers  that 
are  filled  with  water;  in  proportion  as  the  mercury 
is  revivified,  you  perceive  that  air  palfes  through  the 
tube,  drives  the  water  out  of  the  receiver,  and  oc- 
cupies it's  fpace ;  it  is,  as  you  may  obferve,  tranfpa- 
rent,  colourlefs,  and  invifible ;  and  you  will  alfo 
Jind  that  it  is  elaftic  and  compreflible ;  in  a  word, 
you  will  find  it  to  be  pure,  rcfpirablc,  or  vital 
air. 

It 
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It  may  be  obtained  from  minium,  which  u  a 
calx  of  lead,  when  it  is  moiftened  with  the  nitrous 
acid  :  in  this  cafe  it  is  the  nitrous  acid  which  fur- 
nifhes  greateft  part  of  the  vital  air.     All  acids  arc 
connedled  with  vital  air ;  there  are  fome  which  part 
with  it  cafily.     About  1200  cubic  inches  of  vital 
air  may  be  obtained  from  a  pound  of  nitrous  acid : 
nitre,  with  alkaline  or  earthy  bafes,  acetated  mer- 
cury, and  arfcnicated  zinc,  afford  this  fluid  in  vari- 
ous quantities,  by  the  ad  ion  of  light  or  heat.    This 
fluid  does  not  cxift  entire  in  any  of  thefe  bodies  ; 
Jt  is  only  as  they  contain  nothing  more  than  it*s 
ponderable  bafc,  which  is  difengaged  and  rendered 
an  elaftic  fluid  by  the  heat ;  for  the  metals  can  only 
be  calcined  by  combining  with  the  ponderable  part 
of  the  air,  which  becomes  folid  in  them,  and  adds 
to-  their  weight.     This  is  again  expelled  by  heat, 
and  combining  with  the  fire,  paflTes  oflT  in  the  form 
of  an  elaftic  fluid.     During  the   operation,   the 
metal  lofing  this  ponderable   part  which  had  re- 
duced it  to  a  calx,  recovers  it's  phlogifton  and 
metallic  brilliancy,   but  lofes  the   weight  it  had 
gained  by  calcination. 

Mr.  Chaptal  fays,  that  a  bottle  of  dephlogif- 
ticated  muriatic  acid  expqfed  to  tbe/un,  fuflfers  all 
the  fupcrabundant  vital  air  to  efcape,  and  pafies 
into  the  fl:ate  of  the  common  muriatic  acid.  If  the 
fame  acid  be  expofed  to  the  fun„  in  a  bottle  wrap- 
ped in  black  paper,  it  does  not  fuflTcr  any  change ; 
and  even  when  headed  in  a  dark  place,  is  reducible 
into  gas,  without  being  decompofcd. 

The  folar  rays,  when  adding  with  any  con- 
fidcfable  energy,  will  alfo  difengage  vital  air  from 
the  calces  of  mercury,  filver,  and  gold. 

I  The  marine  fait  of  filver  placed  under  water 
and  expofed  to  tbe/un,  gives  out  it's  vital  air;  red 
precipitate,  in  fimilar  cafes,  affords  vital  air,  and 
does  not  require  a  long  time  before   it  becomes 

black. 
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black.     You  maj  alfo  obtain  vital  aip  by  means  of 
the  vitriolic  acid.     M.  Chaptal  ufed  for  this  pur* 
pofe  the  following   fimple  procefs.     He  put  two 
ounces  of  manganefc  in  a  fmall  apothecary's  phial^ 
pouring  thereon  as  much  vitriolic  acid  as  formedit 
into  a  liquid  pafte;  he  firtcdone  end  of  a  leg  curv- 
ed tube  to   the  neck  of  the  bottle,  and   let  the 
other  be  inferted  under  a  receiver  in  the  pneu- 
inatic  tub,  as  in  our  former  experiment,  and  then 
prefented  a   heated  coal  to  the  lower  part  of  the 
bottle.     The  manganefe  he  ufed  was  fome  he  dif- 
covered  at  St.  Jean  de  Gardonnenque,  which  af- 
fords vital  air  with   great  facility,  nothing  more 
being  neceflary  for  their  purpofe  than  to  incorpo- 
rate It  with  vitriolic  acid.     The  firft  bubble  is  as 
pure  as  the  laft.    Vital  air  difcolours  vegetable  and 
animal  fubftances  :  when  abforbed  by  fixed  oils,  it 
thickens  them  and  reduces  them  into  a  (late  rc- 
fcmbling  wax. 

We  have  already  told  you,  that  this  pure  and 
vital  air  isdifengaged  from  fome  fubftances,  mere-' 
ly  by  the  influence  of  folar  light.  You  will  foon 
fee,  that  the  influence  of  light  on  the  operations  of 
nature  is  exceedingly  extenfive ;  and  will  be  able, 
by  a  very  eafy  fet  of  experiments,  to  convince 
yourfelves  of  the  nature  of  the  procefs. 

Vital  air  continually  emanates  from  vegeta- 
bles expofed  to  the  light  of  the  fun :  the  leaves 
feem  to  elaborate  this  air  by  the  means  of  light ;  the 
folar  fluid  is  abforbed,  and  becomes  the  caufe  of 
colour,  flavour,  &c.  in  the  vegetable.  In  a  word, 
it  is  fixed  there  as  phlogifton.  The  fame  operation 
enables  the  leaves  of  plants  to  emit  the  vital  air. 
The  emiflion  of  vital  air  is  proportioned  to  the 
vigour  of  the  plant,  and  the  vivacity  of  the  light. 

Dr.  Prieftley  has  (hewn  that  plants  have  a 
power  of  correcting  bad  air,  and  Dr.  Ingenhoufz 
that  they  have  fhe  facijlty  of  elaborating  the  air 

they 
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they  contain/  and  pouring  down  continually  into 
the  atmofphere  (howers  of  vital  air,  to  render  it 
more  fit  for  animal  life ;  and  that  this  is  entirely 
owing  to  the  influence  of  the  folar  light  on  the 
plant.  And  I  invite  you  to  repeat  his  experiments 
when  you  are  in  the  country  in  the  fummer  feafon, 
as  they  are  eafily  made,  and  will  afford  you  a  very 
r?itional  amufement. 

The  procefs  for  extradting  this  air  from  ve- 
getables is  exceeding  fimple  :  it  confifts  in  immcr- 
ling  or  inclofing  them  in  water,  in  an  inverted 
glafs  veflel  filled  therewith,  and  placed  on  the  flielf 
of  your  pneumatic  tub.  The  moment  the  plant 
is  aded  on  by  the  fun,  you  will  obferve  fmall  bub- 
bles of  air  formed  on  it's  leaves,  which  gradually 
grow  larger,  and  detaching  themfelves  from  the 
fibres  of  the  leaf,  arife  to  the  upper  part  of  the 
veflel,  and  difplace  the  water. 

All  plants  do  not  emit  this  air  with  the  fame 
facility  i  there  arc  fome  which  emit  it  the  mo- 
ment the  fun  ads  upon  them,  as  the  leaves  of  the 
jacobaea,  of  lavender,  and  fome  aromatic  plants. 
Some  aquatic  plants  feem  alfo  to  excel  in  this  ope- 
ration ;  others  emit  it  more  flowly,  but  none  later 
than  8  or  lo  minutes,  provided  the  fun's  light  be 
ftrong.  The  air  is  almofl:  totdlly  furnifhed  by  the 
inferior  furface  of  the  leaves  of  trees  ;  herbaceous 
plants  afford  it  from  almoft  the  whole  of  their  fur- 
face.  The  leaves  afford  more  air  when  attached 
to  the  plant,  than  when  gathered ;  and  the  quantity 
is  greater,  the  frefher  and  founder  they  arc.  Young 
leaves  afford  but  a  fmall  quantity  of  vital  air,  thofe 
which  are  full  grown  afford  more,  and  the  more 
the  greener  they  are  ;  for  it  is  not  produced  by 
leaves  which  are  injured  or  yellow.  The  paren^r 
chyma  of  the  leaf  appears  to  be  the  part  which 
limits  the  air.  The  epidermis,  the  bark,  and  th? 
^'hif e  petals,  do  not  afford  it  ^  and  in  general,  vital 
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air  is  only  furnilhed  by  the  green  parts  of  plants. 
Thus  alfo  green  fruits  and  grain  afford  this  air  ; 
but  it  is  not  furnilhed  by  thofe  which  are  ripe ; 
and  flowers  in  general  render  the  air  noxious. 

M.  Chaptal  mentions  having  often  coUedled 
this  air,  and  that  in  abundance,  from  a  kind  of 
mofs,  which  covers  the  bottom  of  a  veffel  filled 
with  water,  and  fo  well  defended  that  the  fun  ne- 
ver Ihone  diredlly  upon  it. 

Dr.  Ingenhoufz  obferves,  that  the  confer- 
va, as  well  as  the  green  matter  which  is  formed 
on  water,  affords  much  vital  air.  M .  Senebier  has 
Ihewn,  that  an  acid  diluted  in  water  increafes  the 
quantity  of  air  which  is  difengaged,  (when  the 
ivater  is  not  too  much  acidulated,)  and  in  this  cafe 
the  acid  is  decompofed. 

Water  plants,  it  has  been  obferved  to  you,  are 
remarkably  vigorous  in  this  property  of  yielding 
vital  air,  and  thus  corredt  the  inflammable  air  bred 
by  the  foil  in  low  marihy  grounds  ^  fo  that  thefe 
places  produce  one  of  the  beft  remedies  for  their 
own  natural  evils :  and  thus  do  all  things  work 
together  for  good. 

The  plant  of  the  najiurtium  Indicm^,  in  the 
fpace  of  two  hours,  gives  out  more  pure  air  than 
equals  the  bulk  of  all  it's  leaves  :  what  a  quantity 
then  muft  be  difchargcd  from  lofty  trees  in  a  day's 
time.  Does  not  this  point  out  an  error  in  th© 
modern  prafticc  of  leaving  dwelling-houfes  fo 
naked  to  a  confiderable  diftance,  and  deftitute  of 
vegetation. 

The  adl  of  vegetation  alone  is  not  fufficient  to 
produce  this  falutary  efFe<Jt  upon  the  air :  it  is  ve- 
getation in  the  fun-fhine  from  whence  this  good 
.is  to  be  cxpcdted. 

The  fun  does  not  adl  merely,  from  it's  heat : 
.the  emifTion  of  this  gas  is  occafioned  by  the  light, 
and  may  therefore  be  obtained  by  a  ftrong  light, 
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without  the  dircft  adion  of  the  folar  rays ;  the 
excretion  is  ftrongerasthc  light  is  more  vivid.  It 
would  feem  as  if  light  favoured  the  work  of  digcf- 
tion  in  the  plant,  and  that  the  vital  air,  which  is 
one  of  the  principles  of  almoft  all  the  nutritive 
juices,  more  efpecially  of  water,  is  emitted,  when 
it  finds  no  fubftance  to  combine  with  in  the  v^c- 
table.  Hence  it.arifes,  that  plants,  whofc  vege- 
tation is  the  moft  vigorous,  afford  the  grcatcft 
quantity  of  air. 

Dr.  Ingenhoufz,  fince  the  publication  of  his 
Englilh  work  on  vegetables  cxpofcd  to  the  light  of 
the  fun,  has  been  more  or  lefs  conftantly  employed 
on  the  fame  fubjcdt ;  and  on  occafion  of  fome  con- 
troverfies,  has  publilhed,  both  in  French  and  Ger- 
man, many  experiments,  all  tending  to  the  fame 
conclufion.  His  chief  controverfy  was  with  Mr. 
Senebier  of  Geneva,  which,  however,  has  termi- 
nated complettly  in  his  favour  ;  for  his  antagonift 
has  candidly  acknowledged  that  he  was  totally 
mi  fled  by  fome  inattention  in  conducting  his  pro- 
celTes.  In  the  Acta  Thecxloro-Palatina  is  a  very 
long  feries  of  experiments  by  profeflbr  Succow  of 
Mannheim,  which  exactly  coincide  with  thofe  of 
Dr.  Ingenhoufz. 

He  concludes  his  account  of  them  in  the  fol- 
lowing manner.  *•  Thofe  -cfFerts  of  the  folar  light 
on  plants,  which  Dr.  Ingenhoufz  firft  fo  admirably 
pointed  out,  are  confirmed  by  the  preceding  expe- 
riments, in  which  trees  and  plants  appeared  moft 
capable  of  yielding  pure  air  in  the  light  of  the  fun; 
whereas  in  the  ftiade  they  aflbrded  air  more  or  lefs 
phlogifticated.  That  the  air  which  is  extricated 
when  vegetables  are  expofed  in  water  to  the  fun- 
ihine,  proceeds  from  their  leaves  and  other  parts, 
fcarce  needs  any  proof.  Water  indeed  does  con- 
tain a  qujintity  of  air  which  is  difengaged  by  jtte 
influence  of  light ;  but  the  quantity  is  fo  fparing 
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even  in  a  large  quantity  of  water,  that  it  can  by 
no  means  be  fet  in  cpmpetition  with  that  which 
vegetables  yield  in  the  courfe  of  a  few  hours.  Did 
nHis  air  proceed  from  the  water,  it  woiild  in  a  very 
few  cafes  prove  fo  pure,  unlefs  the  water  contained 
Ibme  of  the  green  conferva  ;  but  then  it  would  be 
to  this  mofs  that  the  origin  of  the  air  muft  be 
aicribed.  The  difference  in  the  air  itfelf,  which 
v^etables  yield  when  other  circumftances  are  alike^ 
puts  it  beyond  all  doubt,  that  the  air  proceeds  not 
from  the  water,  but  the  vegetables." 

Dr.  Ingenhoufz,  in  his  laft  work,  has  related 
Ibme  variations  of  his  experiments.  He  found 
that  water  impregnated  with  acids,  alkalies,  neu- 
tral falts,  cxpreffed  juices  of  vegetables,  as  of 
raifins,  peaches,  &c.  very  much  promoted  the 
produdlion  of  pure  air  by  vegetables,  except  in  the 
cafe  of  the  graffes  (of  which  the  produ<9:  is  varia- 
ble from  undifcovercd  caufes),  of  the  conferva 
rivularis,  and  water-plants  in  general,  which  are 
killed  by  fixed  air,  and  fome  others,  when  this  acid 
is  employed.  A  few  fubftances,  fuch  as  the  juice 
of  onions,  cucumbers,  and  turneps,  prevented, 
inflead  of  forwarding,  the  extrication  of  air. 

Among  the  fubftances  which  favour  the  ex- 
trication of  pure  air,  we  have  every  thing  which 
can  well  be  fuppofed  to  enter  into  the  compofition 
of  manure,  falts  fimpleand  compound,  with  the 
)uices  and  extradive  matter  of  plants.  If  we  may 
afTume,  that  the  produ(flion  of  this  falutary  fluid  is 
a  natural  function  and  an  healthy  procefs,  it  fol-, 
lows  diredly,  that  the  ufe  of  manure  is  to  occaiion 
a  greater  exertion  of  that  function. 

That  the  production  of  vital  air  is  among  the 
chief  fundions  of  vegetables,  is  a  fuppofition  counr 
tenanced  by.  many  experiments.  Mr.  Cavendilh 
himfelf  infers,  that  the  vital  air  obtained  i)y  Dr. 
Ingenhoufz  comes  from  the  dccompolition  of  wa- 
ter* 
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ten  There  is  one  experiment  related  by  the  lalt-* 
mentioned  author,  highly  remarkable,  and  not  ta 
be  explained  on  any  other  fuppofition  that  has  been 
hitherto  thrown  out.  ^'  I  boiled  (fays  he)  fomc 
Water  for  two  hours,  and  then  poured  it  boiling  into 
a  glafs  balloon  of  the  capacity  of  200  cubic  inches. 
The  balloon  was  then  carefully  clofed.  Before  the 
^ater  was  grown  quite  cold,  I  introduced  into  the 
balloon  four  cubic  inches  of  granulated  green  mat- 
ter, which  was  taken  out  of  the  great  rcfervoir  in 
the  botanic  garden  (at  Vienna),  and  repeatedly 
wafhed  in  boiling  water;  care  being  uken  to 
fqueeze  out  after  each  walhing  all  the  moifture,  in 
order  that  none  except  boiling  water  might  remain 
adhering  to  iu  I  next  clofed  the  balloon  with  a 
perforated  ftopple,  in  order  to  allow  the  water  an 
exit  when  it  (hould  be  prefled  by  the  air  evolved 
from  the  green  matter.  The  balloon  was  inverted 
into  a  veffel  of  quickfilver  placed  in  the  fun.  The 
air  generated  at  fir  ft  was  abforbed  by  the  water 
itfclf :  but  being  foon  faturated,  it  refufed  to  take 
up  any  more ;  and  in  the  courfc  of  a  few  days  I 
found  a  confidcrablc  quantity  of  air  colleftcd."  If 
then  it  be  true  that  water  is  decompounded  by  \x* 
gctables,  it  follows  that  inflammable  air  or  pblo^ 
gijion  is  abforbed  and  fixed;  an  opinion  counte* 
nanced  by  Prieftley's  experiments  on  charcoal,  on 
diced  roots  of  onions,  &c.  for  neither  he  nor  Scnc- 
bier,  nor  Ingenhoufz,  nor  I  think  any  other,  ha* 
ever  found  inflammable  air  in  the  elaftic  fluid  af- 
forded by  the  leaves  and  other  proper  parts  of  ve- 
gctables  expofed  to  the  fun»  The  inflammable  mat- 
ter which  furrounds  certain  vegetables  is,  I  fup- 
pofe,  an  eflcntial  oil  in  the  ftate  of  vapour ;  and 
if  any  plant  fhduld  yield  inflammable  air  in  the 
way  I  have  mentioned,  I  doubt  not  but  it  would 
furnilh,  in  other  rcfpcds  as  well  as  this,  a  fingular 
reception  to  the  rell  of  the  kingdom. 

There 
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There  is  ftill  another  corollary  more  preeife 
and  fatisfadtory  to  be  drawn  frbm  thefe  premifes* 
The  quantity  of  vital  air  that  is  extricated,  will 
afford  a  tcfl  of  the  quantity  of  food  taken  in  the 
plant. 

It  may,  moreover,  be  fuppofed,  that  the  addi- 

tions^  which  t)r.  Ingenhoufz  made  ufe  of,  are  not 

thofe  which  will  produce  the  greateft  effed:.     It  is 

reafonable  to  fuppofe,  that  Nature,  in  the  immen- 

lity  of  her  ftores,  has  ftimulants  far  exceeding  thefc 

in  power ;  which  further  inquiry  will  both  difcovei' 

and  teach  how  to  apply.     For  if  thefe  principles 

be  juft,  they  will  be  eafily  applicable,  when  wcf 

are  in  pofleffionof  a  greater  number  of  fads,  both 

to  gardening  and  agriculture :  and  I  doubt  not  but 

that  in  time  a  rational  fyftem  of  vegetable  medi-* 

cine  may  be  conftruded,  if  the  fubjeA  be  properly 

profecuted.     In  the  mean  time,  languifhing  trees 

may  be  walhed  or  fprinkled  with  water  acidulated 

with  vitriolic  acid,  which  Ingenhoufz  found  to  be 

moft   efFedual    in  promoting  the  production  of* 

pure  air. 

It  will  not  be  difficult  for  any  perfon,  who  may 
choofe  to  refledt  on  the  fubjedt,  to  contrive  othei* 
experiments,  by  which  thefe  principles  may  be 
confirmed  or  refuted. 

This  vital  air  from  plants  is  a  henejicent 
gift  from  God,  to  repair  inceflantly  the  confump- 
tion  thereof  in  the  oeconomy  of  nature.  The  plant 
abforbs  atmofpherical  inephitis,  and  emits  vital 
air.  Man  on  the  contrary  is  kept  alive  by  vital 
air,  and  emits  much  mephitis.  The  animal  and 
vegetable  kingdoms  therefore  labour  for  each  othef^ 
By  this  admirable  reciprocity  of  fervices,  the  at- 
mofphere  is  continually  repaired,  and  an  equili- 
brium maintained  betv/een  it's  conflituent  prin- 
ciples. 

Frbm  thefe  difcoveries,  fiys  Sir  J.  Pringle, 
Vol.  I.  G  g  wc 
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we  arc  alTurcd,  that  no  vegetable  grows  in  vain ; 
but  that  from  the  oak  of  the  foreft  to  the  grafs  oF 
the  field,  every  individual  plant  is  ferviceable  to 
mankind ;  if  not  always  diftinguilhed  by  fomc 
private  virtue,  yet  making  a  part  of  the  whole, 
which  cleanfes  and  purifies  our  atnwfphere^  In 
this  the  fragrant  rofe  and  deadly  night-fhade  co- 
operate :  nor  is  the  herbage,  nor  the  woods  that 
'  flourifh  in  the  moft  remote  and  unpeopled  regions, 
unprofitable  to  us,  nor  we  to  them,  confidcrijig 
how  conftantly  the  winds  convey  to  them  our  vi- 
tiated air  for  our  relief,  and  their  nourifhment. 
And  if  ever  thefe  falutary  gales  rife  to  ftorms  and 
hurricanes,  let  us  ftill  trace  and  revere  the  ways 
of  a  beneficent  Being,  who  not  fortuitoufly,  but 
with  defign,  not  in  ivratb^  but  in  mercy,  thus 
Ihakes  the  waters  of  the  earth  together,  to  bury  \n 
the  deep  thofe  putrid  and  peftilential  effluvia,  which 
the  vegetables  upon  the  face  of  the  earth  had 
been  infufficient  to  confume. 

The  properties  of  vital  air  are  more  or  Icfs 
ftriking,  according  to  it's  degree  of  purity.  This 
depends  in  general  upon  the  mbftances  from  which 
it  is  produced.  That  obtained  irota  mercurial 
calces  generally  holds  a  fmall  quantity  of  mercury 
in  folution.  M.  Chaptal  mentions  it  having  fpec- 
dily  falivated  two  perfons  who  ufed  it  for  difonlers 
in  the  lungs ;  and  alfo  that  having  filled  bottles  with 
the  air,  and  then  expofed  them  to  an  intenfe  coljl, 
the  fides  became  obfcurcd  with  a  fl:ratum  of  mer- 
curial calx,  in  a  ftate  of  extreme  divifion :  that 
having  heated  the  bath,  over  which  he  caufed  this 
air  to  pafs,  he  obtained  at  two  different  times 
yellow  precipitate.  The  air  obtained  from  plants 
is  not  equally  pure  with  that  afforded  by  the  me- 
tallic calces. 

Vital  air  is  heavier  than  atmofpheric  air.  A 
cubic  foot  of  atmospheric  air  weighs  720  grains ; 

a  cubic 


Digitized  byCjOOQlC 


Nature  ANoPROPERtiEioFEtAsric  Fluids.  451 

a  cubic  foot  of  vital  air  765  grains.  Mn  Kirwan 
makes  it's  weight  to  that  of  common  air,  as  11 03 
to  1000. 

Several  of  the  metals,  when  diflblvcd  in  fpirit 
of  nitre^  afford,  by  an  effervcfcencc,  a  kind  of  air 
Called  nitrous  air,  of  which  I  Ihall  fpeak  hereafter* 
If  this  air  be  mixed  with  any  other  elaftic  fluid 
which  contains  vital  air,  it  unites  with  this  laft^ 
and  forms  red  fumes,  which  fall  down,  ancj  are 
found  to  confift  of  nitrous  acid ;  the  air  is  dimi- 
nifhed  in  bulk  by  the  lofs,  and  hence  the  nitrous 
air  becomes  a  teft  of  the  goodncfs  of  refpirablc 
air. 

Vital  air  is  the  only  fluid  proper  for  combuf- 
tion  r  for  when  bodies  burn  in  common  air,  it  is 
only  the  vital  air  contained  therein  which  aflifts 
combuftion.  When  the  vital  air  is  pure  and  dif- 
engaged  from  other  fluids,  there  is  great  increafe 
of  heat  and  light  during  the  combuftion.  Thefe 
.  two  phenomena  are  occaQoned  by  the  rapid  fepara- 
tion  of  the  fire,  which  is  difengaged  from  the  body 
and  from  the  vital  air.  It  appears  from  experi- 
ment, I.  That  there  is  no  combuftion  without  vital 
air.  2.  That  in  every  combuftion  there  is  an  ab- 
forption  of  vital  air.  3.  That  there  is  an  augmen- 
tation of  weight  in  the  produdts  of  combuftion, 
faid  to  be  equal  to  the  weight  of  the  vital  air  that 
is  abforbed.  4.  In  all  combuftion,  heat  and  light 
arc  difengaged. 

I  plunge  a  lighted  taper  into  one  of  thefe  vef- 
fels  filled  with  vital  air;  the  flame  you  fee  becomes 
inftantaneoufly  more  ardent,  more  lively,  more 
luminous,  while  the  combuftion  is  four  times  more 
rapid. 

Here  is  a  bit  of  wood,  one  end  of  which  has 
been  charred ;  I  light  it,  and  then  plunge  it  into 
this  bottle  of  vital  air ;  the  wood  you  fee  inflames 
immediately,  and  burns  away  with  aftonifliing  ra- 

C  g  2  pidity. 
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pidity.  You  remember  Dr.  Ingenhoufz's  brilliant 
experiment,  when  we  burnt  the  iron  wire  in  vital 
air. 

Mr.  Lavoifier  prepared  an  apparatus  proper 
toafcertaih  the  quantity  of  vital  air  introduced  into 
it ;  and  alfo  what  was  confumed  during  the  expe- 
riment ;  fome  phofphorus  was  placed  in  this  ap- 
paratus ;  when  the  whole  was  properly  difpofai, 
ne  fet  fire  to  the  phofphorus  with  a  burning  glals, 
thecombuftion  S\as  extremely  rapid,  accompanied 
with  a  bright  flame  and  much  heat.  As  the  ope- 
ration went  on,  large  quantities  of  white  flakes 
attached  themfelves  to  the  inner  furface  of  the 
globe,  fo  that  at  laft  it  was  rendered  quite  opake. 
The  quantity  of  thefe  flakes  became  fo  abundant, 
that  although  frelh  vital  air  was  continually  fup- 
plied,  which  ought  to  have  fupported  the  com- 
buftion,  yet  the  phofphorus  was  foon  extin- 
guifhcd. 

The  apparatus  being  completely  cooled,  he 
firfl:  afcertained  the  quantity  of  vital  air  employed, 
and  weighed  the  balloon  accurately  before  it  was 
opened.  He  then  walhed,  dried,  and  weighed,  the 
fmall  quantity  of  phofphorus  that  remained  in  the 
cup;  this  refiduum  was  of  a  yellow  ochrey  colour. 
By  thefe  feveral  precautions  he  determined,  ift.  The 
weight  of  the  phofphorus.  2.  The  weight  of  the 
flakes  produced  by  the  combuftion.  3.  The  weight 
of  the  vital  air  combined  with  the  phofphorus. 
The  refult  ftiewed,  ill.  That  the  phofphorus,  du- 
ring  it's  combuftion,  had  abforbed  rather  more 
than  one  and  a  half  it's  weight  from  viul  air. 
2.  That  the  weight  of  new  fubftances  produced, 
exadly  equalled  the  fum  of  the  weights  of  the 
phofphorus  confumed,  and  the  viul  air  employed. 

You  have  been  told,  that  phofphorus  is 
changed  by  combufl:ion  into  an  extremely  light, 
tvhite,  flakey  matter;  the  properties  are  entirely 
altered  by  the  transformation.     From  being  info- 

lublc 
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itJil^le  in  water,  it  is  now  not  only  folvible  therein, 
l>vit  fo  greedy  of  moifture  as  to  difengage  the  hu- 
midity from  the  air  with  aftoniftiing  rapidity,  by 
^%vHich  it  is  converted  into  a  liquid  more  denfe^  and 
of  greater  fpecific  gravity  than  water^     Thephof- 
p>Viorus   before  combuftion  had  fcarcely  any  fen- 
"lible  taftc  ;  by  it's  union  with  vital  air,  it  acquires 
an  extremely^^zr/>  and  four  tafte ;  in  a  word,  from 
the  clafs  of  combuftible  bodies,  it  is  changed  into 
an  incombuftible  fubftance,  and  becomes  on^  of 
thofe  bodies  called  acids. 

Many  other  combuftible  fubftanccs  are  alfo 
thus  converted  into  acids  by  the  addition  of  \ital 
air.  The  French  writers,  therefore,  term  every 
combination  of  vital  air  with  a  combuftible  fub- 
ftance, oxygenation. 

Sulphur  is  a  combuftible  fubftance,  or  in 
other  words,  it  is  a  body  which  poffeflTes  a  pow- 
er of  decompofing  vital  air  by  leparating  from 
it  the  fire  with  which  it  was  combined  This 
is  eafily  proved  by  experiments  fimilar  tp  the  pre- 
ceding, though  the  refults  cannot  be  obtained 
with  the  fame  accuracy  ;  becaufe  the  acid  formed 
by  the  combuftion  is  not  eafily  condenfed,  becaufe 
fulphur  does  not  biirn  fo  eafily  as  the  phofphorus, 
ana  is  foluble  by  different  gafles.  Mr.  Lavoifier 
fays,  that  notwithftanding  this,  he  can  affirm 
from  his  own  experiments,  that  fulphur  in 
burning  abforbs  vital  air  (or  more  accurately  the 
water  therein) ;  that  the  refulting  acid  is  con- 
fiderably  heavier  than  the  fulphur  burnt ;  that  it's 
weight  is  equal  to  the  fum  of  the  weights  of  the 
fulphur,  which  has  been  burnt,  and  of  the  vital  air 
which  has  beenabforbed  ;  and  laftly,  that  this  acid 
is  weighty,  incombuftible,  and  mifgible  with  wa- 
ter in  all  proportions. 

Charcoal  decompofes  alfo  vital  air,  by  abforb- 
ing  the  bafe  from  the  fire ;  the  acid  refulting  from 
(his  cornbuftion,  is   not  condenfiblc  in  the  com- 
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mon  temperature  and  prefliirc  of  our  atmofpheir; 
It  remains  in  the  (late  of  gas^  and  requires  a  large 
portion  of  water  to  be  combined  with  or  be  dif- 
folved  in.  It  has  however  the  properties  of  all 
other  acids,  though  in  a  weaker  degree.  This 
aeriform  acid  was  ciilcd  fixed  ot  fxaiU  air,  by  the 
chemift  who  firlt  difcovcred  fome  of  it's  proper- 
ties. 

Mr,  Lavoifier  affirms,  that  it  is  eafy  to  prove 
fbat  all  acids  are  formed  by  the  combujli^n  of  certain 
fubftances ;  that  the  ponderable  part  of  viul  air 
is  an  clement  common  to  them  all ;  and  that  from 
many  acids  vital  air  may  be  eafily  obtained. 

Vital  air  is  fcparated  from  it's  fire  by  metals, 
when  heated  to  a  certain  degree  ;  in  confequence 
of  which  all  metallic  bodies,  excepting  gold,  filver, 
and  platina,  have   the  property  of  decompofing 
vital  air,  and  attrading  the  bafc  ♦  from  the  fire  with 
which  it  was  combined.     We  have  already  fliewQ 
you,    in  what  manner  this  decompofition  takes 
place,  by  means  of  mercury  and  iron:  the  firft  is  a 
very  gradual  combuftion ;  the  latter  is  very  rapid, 
tided  with  a  very  brilliant  flame.     ITic 
»loyed  in  thefe  operations,  is  to  feparate 
tides,  and  loofen  their  cohefion. 
abfolute  weight  of  metallic  fubftances  h 
^d  in  proportion  to  the  quantity  of  vital 
abforb ;  they  lofe  at  the  lame  time  their 
brilliancy,  and  are  reduced  into  an  earthy 
ble  matter. 

metals  do  not  acft  fopowerfully  in  vital  air 
rate  it  entirely  from  it's  fire,  which  is  fup- 
be  the  reafon  that  they  are  not  converted 
\  like  fulphur,  phofohorus,  and  charcoal, 
m  intermedi4te  fubuai>ce,  which,  though 
ing  the  nature  of  falts,  has  not  acquired 
line  properties.     The  old  chemifts  affix 

the 
•  The  ppndcrable  bafe  is  water. 
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xhe  name  of  calx  to  metals  in  this  date ;  the  French 
<:hemifts  have  fubftituted  in  it's  room  the  word 

Vital  air  is  faid  to  form  almoft  a  third  part  of 
the  mafs  of  our  atmofbhere^  and  is  confeqiiently 
-one  of  the  moft  plentiful  fubftances  in  uaturc.  Ali 
animals  and  vegetables  live  and  grow  in  this  im- 
tncnfe  magazine  of  vital  air,  and  from  it  is  |>ro- 
curecj  the  greater  part  of  what  is  employed  in  ex- 
periments. So  great  is  the  affinity  or  this  element 
and  other  fubftances,  that  it  cannot  be  procure^ 
free  from  all  combination. 

To  oxygenate  a  fubfta^ce,  or  make  it  combine 
with  vital  air,  it  is  ncceflary  that  the  parts  of  the 
Tubfiance  (hould  have  more  affinity  with  vital  air 
than  to  each  other.  This  may,  in  foipe  degree^ 
be  broughp  about  by  art ;  for  by  heating  them,  or 
by  introducing  fire  into  their  intcrftices,  we  dimi-p 
nifti  the  coheaon  of  the  particles.  Tl^  degree  of 
heat  at  which  the  oxygenation  t^kps  placp,  is 
different  in  different  bodies.  Many  liodies 
combine  with  vital  air  by  being  exposed  to  the 
air  of  the  atmofphere,  in  a  convei^ient  degree  of 
temperature.  With  refpedl  to  lead,  mercury,  and 
tin,  this  need  be  but  little  higher  than  the  medium 
temperature  of  the  earth ;  but  iroi)  and  copper, 
when  the  operation  is  not  affilted  by  moifturc,  re- 
quire a  much  greater  degree  of  heat. 

Oxygenation  fometimes  takes  place  with  great 
rapidity,  ^d  is  accompanied  with  great  fenfible 
heat,  light,  and  flame ;  fuch  is  the  combuftion  of 
phofphorus  \n  atmospheric  air,  and  of  iron  in 
vital  air.  That  of  fulphur  is  lefs  rapids  while  that 
of  lead,  tin,  and  moft  of  the  metals*  is  affeded  very 
(lowly;  ajid  confequeiitfy  the difcngagement  of  fire, 
juid  more  efpecially  of  light,  is  haroly  fenfibje. 

The  affinity  of  fome  fubftances  with  vital  air, 

\&  to  ftrong,  and  they  combine  with  it  at  fuch  low 
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degrees  of  temperature,  that  we  cannot  procure 
them  in  their  unoxygenated  ftate  ;  fuch  is  the  mu- 
riatic acid.  ,  There-arc  other  means  of  combining 
fimple  fubftances  with  vital  air  ;  for  a  knowledge 
pf  which,  I  muft,  however,  refer  to  the  writings 
of  Lavoifier,  Morvcau,  &c. 

Vital  air  is  peculiarly  necejfary  for  refpiration  ; 
animals  live  a  inuch  longer  time  in  it,  than  they 
would  in  the  fame  quantity  of  atmofpheric  air. 

Count  Mbroz:^o  placed  fucceflively  feveral  full 
grown  fparrowsunder  aglafs  r^cceiver  inverted  over 
water.  It  was  filled  with  ^mofpherical  air,  and 
afterwards  with  Vit^l  air.    He  found, 

ift.That  inatmofphericalair        Hours.    Min. 
The  firft  fparrow  lived  3  O 

The  fecondj»  •'—  ^  3 

The  third,  -r-  o  i 

The  water  rofe  in  the  vefTels  eight  lines  during 
the  life  of  the  firft,  four  during  the  life  of  the 
iecond,  and  the  third  produced  no  abforption. 


2.  In  vital  air. 

Hours^ 

Min^ 

The  firft  fjparrow 

livedo 

5 

23 

The  fecond, 

2 

ro 

The  third,    . 

— * 

I 

30 

The  fourth. 

I 

10 

The  fifth. 

-r— 

Q 

30 

The  fixth. 

.:-^ 

0 

47 

The  ftventh, 

0 

27 

The  eighth. 

— 

0 

30 

The  ninth. 

' — 

0 

22 

The  tenth,    . 

Q 

21 

From  theie '  experiments  we  may  conclude, 
I.  That  an  animal  lives  longer  in  vital  than  in  atmo- 
fpherical  air.  2.  That  one  animal  can  live  in  air, 
in  which  apother  has  died.  3.  That,  independent 
pf  air,  fome  refpedt  muft  be  had  to  the  conftitu- 
llionpf  the  animal :  the  fixth  lived  47  minutes,  the 

fifth 
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fifth  only  thirty.  4.  That  there  is  cither  an  ab- 
Ibrption  of  air,  or  the  production  of  a  new  kind  of 
air  which  is  abforbed  by  the  water  as  it  rifes. 

Vital  air  is  therefore  the  fluid  proper  to  fup- 
port  the  life  of  animals.     A  great  quantity  of  fire 
is  neceflary  to  fupport  life.     Vital  air  combines 
readily  with  the  mephitis  in  the  blood  and  lungs  5 
and  thus  a  part  of  it's  fire  is  fet  at  liberty,   which 
goes  to  the  fupport  of  life.     The  other  part  com- 
bines with  the  mephitis,  and  forms  what  is  called 
azotic  gas,  or  phlogifticated  air.    It  is  the  affinity 
between  the  mephitic  and  vital  air,  which  confti- 
tutes  the  fitnefs   of  vital  air   for  refpiration  ;   the 
bafes   of  no  other   elaftic  fluid  poflefs   the  fame 
property.    Vital  air  anfwcrs  two  purpofes,  which 
are  both  equally  neceflary   for  our   prefervation. 
It  takes  from  the  blood  it's  fuperabundant  me- 
phitis, which  would  be  prejudicial,  and  gives  out 
fire  to  fupport  the  continual  wafte  thereof,  to  which 
our  frame  is  liable. 

It  has  long  been  known,  that  animals  cannot 
live  without  the  afliftance  of  air.  Though  the  phe- 
nomena of  refpiration  have  been  very  imperfectly 
known  until  lately,  the  ancients  are  thofe  who  had 
the  more  accurate  ideas  concerning  it.  They  ad- 
mitted in  the  air  a  principle  proper  to  nourilh  and 
fupport  life,  which  they  denoted  by  the  name  of 
pabulum  vtt<e. 

They  alfo  knew  that  there  was  a  ft:riking  re- 
lation between  the  flame  of  a  candle  and  the  prin- 
ciple of  life  in  an  animal  body.  Phylicians  have 
alfo  argued  for  what  fome  of  them  have  termed  a 
biolychnus  (candle  of  life)  in  the  blood.  Bartho- 
line  fays,  that  animal  fire  is  kept  up  in  the  heart 
by  a  reciprocal  ventilation  from  the  lungs,  as  a 
common  flame  is  excited  by  the  air  from  a  pair  of 
bellows  ;  and  that  when  this  ventilation  from  the 
lung§  ceafes,  life  goes  out  as  naturally  as  fire  with- 
out 
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out  air.  The  ancients  were  alfo  of  an  opinicMi^ 
that  part  of  the  air  drawn  in  by  the  lungs  aifhially 
pafTes  into  the  arteries  ;  and  the  arteries  are  fup- 
pofcd  to  take  their  name  from  the  -air  or  fpirit 
which  they  contain^  together  with  the  arterial 
blood. 

The  vapour  emitted  by  expiration  fro^n  the 
lungs  is  a  mixture  of  phlogifticated  air,  fixed  air, 
and  vital  air.  If  the  vapour  ilFuing  from  the  lungs 
be  made  to  pafs  through  lime-water,  it  renders  it 
turbid  ;  if  it  be  received  through  tindure  of  tum- 
fole,  it  reddens  it ;  and  if  an  alkali  be  fubftituted 
to  the  turnfole,  it  becomes  effervcfccnt. 

When  the  foregoing  procefs  has  abforbcd  all 
the  fixed  air,  the  remainder  confifts  of  phlogifli. 
cated   air  and   vital   air.      The  prefence  of  vi- 
tal  air  is   manifeiled  by   means   of  nitrous  air. 
The  air,  in  which  Mr.  Chaptal  had  caufed  five 
fparrows  toperifh,  afforded  lyco  parts  of  vital  air- 
The  expired  air  being  thus  deprived  of  all  it*s  vital 
and   fixed  air,  the   remainder  was  phlogiflicated 
air.  Animals  feeding  upon  herbs  and  grain,  are  (aid 
to  vitiate  the  air  lefs  than  carnivorous  animals. 
A  portion  of  air  is  abforbed  in  relpiration. 
Jurin  fays,  that  a  man  infpires  40  cubic  inches 
ir  by  hisyfual  exhalations ;  that  in  the  greateft 
:ould  receive  220  inches;  but  that  a  portioa 
always  abforbcd.     Dr.  Hales  confidered  the 
xrption  as  taking  up  136th  part  of  the  refpircd 
Now  as  a  man  refpires  20  times  i^  a  mi-p 
!,  and  inhales  40  cubic  inches  of  air  at  each  in^ 
ation»  this  makes  48,000  in  an  hour  ;  which 
ded  by  136,  gives  353  inches  of  air  abforbed 
deftroyed  in  an  hour.     From  more  accurate 
eriments,  M.  de  la  Metherie  concludes^  tha( 
cubic  inches  of  vital  air  are  abforbed   in  an 
r.     Th^fp  feds  flicw  how  eafily  4ir|  wben  it  is 

noF 
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hot  renewed,  is  vitiated  by  refpiration,  and  why 
the  air  of  theatres  and  clofe  crouded  places  is  fo 
unvholefome. 

A  variety  of  fadls  prove  that  the  vermilion 
colour  alTumed  by  the  blood  in  the  lungs  ariies  from 
the  vital  air  which  combines  with  it,  and  is  the 
firft  effedt  of  the  contad,  abforption,  and  combi. 
jiation  of  vital  air  with  the  blood.  If  blackiih 
venous  blood  be  expofed  in  a  pure  atmofphcre,  the 
furface  becomes  a  vermilion  colour ;  a  fadt  daily 
obferved  when  blood  is  expofed  in  a  porringer  to 
the  air.  Air  which  has  remained  in  contact  with 
blood,  extinguifties  candles,  and  precipitates  lime* 
water  ;  air  injeded  into  a  determinate  portion  of  a 
vein,  between  two  ligatures,  renders  the  blood  of 
a  high  colour.  The  blood  which  returns  from  the 
lungs,  is  of  a  higher  colour.  Hence  arifes  the  great 
intenfity  of  the  colour  of  arterial  blood  compared 
with  venous  blood. 

Mr.  Thouvcnel  is  faid  to  have  ftiewn  that  by 
withdrawing  the  air  which  is  in  contadt  with  the 
blood,  it  may  a^in  be  made  to  lofe  it's  colour* 
Blood,  expofed  m  a  vacuum,  remained  black,  but 
it  sUTumed  a  beautiful  vermilion  colour  as  foon  as  it 
was  expofed  to  air.  Thefe,  with  various  other  fads, 
Ihew,  that  the  vermilion  colour  of  blood  arifes 
from  air. 

The  fccond  efFed  of  refpiration  is  to  eftablifli 
a  focus  of  heat  in  the  lungs ;  a  circumflance  en- 
tirely oppofed  to  the  opinion  of  thofe  who  con- 
fidered  the  lungs  merely  as  a  kind  of  bellows, 
designed  only  to  cool  the  human  body. 

The  heat  in  each  clafs  of  individual  animals 
is  proportioned  to  the  magnitude  of  their  lungs. 
Animals  with  cold  blood  have  only  one  auricle  and 
ventricle. 

All  perfons  who  have  refpired  vital  air,  agree 
that  it  communicates  ^  gentle  vivifying  heat  to  the 

lungs. 
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lungs,  which  infenlibly  extends  from  the  breaft  to 
all  other  parts  of  the  body. 

The  foregoing,  and  many  other  fa<5ls,  unite 
in  proving  that  a  locus  of  heat  really  exifts  in  the 
lungs,  which  is  maintained  and  kept  up  by  the  air 
of  refpiration. 

In  fad,  there  is  an  abforption  of  vital  air  in 
refpiration.  Refpiration  is  an  operation,  by  means 
of  which  vital  air  pafles  continually  from  an  aerial 
to  a  concrete  ftate,  and  cohfequently  is  continually 
quitting  the  fire  by  which  it  was  fupported  in  a 
Ilate  of  gas. 

The  heat  produced  at  every  infpiration  feems 
tliercfore  to  depend  on  the  volume  of  the  lungs^ 
their  activity,  the  purity  of  the  air,  the  rapidity, 
&c.  of  the  infpirations. 

More  heat  is  confequently  produced  in  win- 
ter, bccaufe  the  air  is  more  condenfed,  and  fur- 
nifhes  more  vital  air  under  the  fame  bulk,  and 
confequently  more  heat  to  the  inhabitants  of  colder 
climates.  Thus  does  a  benevolent  Providence  con- 
tinually temperate  and  ballance  the  coldofthcfe 
climates. 

M.  Chaptal  fays,  that  the  lungs  of  afthmatic 
perfons  are  lefs  capable  of  digefting  this  air,  and 
that  they  emit  air  without  vitiating  it ;  from  which 
caufe  their  complexion  is  cold,  and  their  lungs 
continually  languifliing:  hence  they  find  vital  air 
peculiarly  comfortable, 

iTom  what  has  been  faid  you  muft  have  per- 
ceived, that  the  phenomena  oi  refpiration  arefimilar 
to  thofe  of  combuftion.  This  has  been  eftablifhcd 
by  Dr.  Crawford,  who  has  clearly  (hewn,  that 
linimal  heat  is  one  of  the  principal  advantages  de«r 
rived  from  refpiration ;  that  when  the  blood  returns 
from  all  parts  of  the  body  to  the  lungs,  it  has  loft  a 
quantity  of  it's  fire,  and  imbibed  fome  noxious 
quality ;  th^p  in  the  lungs  it  meets  with  atmofphe-r 
ric  air ;  that  if  ^bfoirbs  hre  froip  the  vital  air  con- 
tained 
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'Cained  therein,  and  imparts  to  the  air,  which  re- 
mains^ it's  impurity;  that  the  blood  having  thus 
robbed  the  air  contained  in  the  lungs  of  a  portion  of 
It's  fire,  and  rendered  that  which  remained  fenfibly 
warm,  the  air  is  expelled,  and  frelh  air  taken  in  to 
undergo  the  fame  proccfs* 

The  quantity  of  air  changed  by  a  man,  in  a 
minute,  is  found  to  be  equal  to  that  w  hich  is  altered 
by  a  candle  in  the  fame  fpace  of  time ;  and  hence 
a  man  is  continually  deriving  as  much  heat  from 
the  air  as  is  produced  by  the  burning  of  a  candle. 

Vital  air  has  been  ufed  with  fuccefs  in  difor- 
ders  of  the  human  frame.  MeiTrs.  Caillens  and 
Chaptal  fpeak  of  it's  having  been  refpired  in  phthi- 
lical  diforders  with  great  fuccefs.  He  is  far,  how- 
ever, from  confidcring  it  as  a  fpecific,  and  is 
doubtful  as  to  it's  application ;  yet  as  it  infpires 
cheerfulnefs,  and  renders  the  patient  happy,  he 
conceives  it  to  be  an  admirable  remedy  in  defperate 
cafes,  as  it  will  fpread  Howers  as  it  were  on  the 
borders  of  the  grave,  and  prepare  us  in  the  gentleft 
manner  for  the  laft  dreadful  effort  of  natural  life. 


Of 
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Of     PHLOGISTtCATED     AlR,     AzOTIC    GaS^     OK 

Atmospherical  Mephitis, 

This  air  is  fuppofed  to  be  from  the  mephitic 
part  of  the  atmofphere,  or  that  part  which  is  not 
fit  for  refpiration.  Dr.  Prieftley  fuppofed  it  to  be 
air  altered  by  the  phlogifton  difengaged  from  bo- 
dies in  combuftion,  or  other  phlogiftic  procefles. 
It  is,  however,  now  thought  to  exift  ready  formed 
in  the  atrtiofphere,  and  to  be  the  refiduum  thereof 
when  this  is  deprived  of  it's  vital  air.  Mr.  Lavoi- 
fier  calls  it  azotic  gas,  from  it's  known  property  of 
killing  fuch  animals  as  are  forced  to  breathe  in  it. 
The  word  is  derived  from  the  Greek  privitivc 
particle  «,  and  ?ftni,  life. 

This  element  is  always  in  a  ftate  of  gas  in  the 
ordinary  preffure  and  temperature  of  the  atmo- 
fphere, and  no  degree  of  cold  or  compreflion  has 
hitherto  been  capable  of  reducing  it  either  to  a 
folid  or  liquid  form. 

It  is  the  refidue  of  combuftion,  of  the  refpira- 
tion of  animals,  and  of  putrifadion,  becaufe  in  ail 
thefe  cafes  vital  air  is  abforbed.     In  refpiration,  a 
portion  of  the  fire  from  vital  air  goes  to  the  fupport 
of  life,  while  the  remainder  combining  with  a  part 
e  blo6d  becomes  fixed  air,  which  is  expired 
her  wi^h  the  phlogifticated  air. 
This  £as  txiay  be  procured  pure  by  feveral 
ods;  that  of  Scheeleis  the  one  moft  generally 
:  it  confifts  in  cipofing  liver  of  fulphur  in  a 
i  ftate  to  a  given  quantity  of  atmofpheric  air 
r  a  glafs  receiver ;   the  fulphur  abforbs  by  de- 
the  vital  air,  and  when  the  abforption  is 
)lete   the    phlogifticated  air    remains  pure. 
lerthoUet  obtained  it  from  mufcular  flelh,  or 
the  fibrous  part  of  the  globules  of  blood,  by 
nraihing  it  with  nitrous  acid  in  the  pneumatic 

apparatusi^ 
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apparatus  ;  for  the  bafe  of  this  gas  enters  into  the 
<:ompofition  of  flelh,  and  ferves  to  animalize  it. 
TTie  animal  fubftanccs  made  ufe  of  muft  be  frelh, 
for  if  they  are  altered  by  putrifadion,  they  fumifh 
fixed  air  mixed  with  the  phlogifticated  gas.  When 
by  any  other  means,  as  the  calcination  of  metals, 
the  ranciqity  of  oils,  combuftion,  the  vital  air  of 
the  atmofphere  is  abforbed,  the  refidue  is  this  gas. 
M.  Fourcroy  has  difcovercd,  that  the  bladders  of 
carp  arc  full  of  it,  and  that  it  may  be  eafily  col- 
lected by  breaking  them  underneath  veflels  filled 
ivith  water. 

It  is  lighter  than  atmofphcric  air.  When  the 
barometer  ftands  at  30.46,  and  the  thermometer  at 
60,  the  weight  of  the  phlogifticated  air  is  to  that 
of  common  air  as  985  to  1000.  You  may  eafily 
fatisfy  yourfelves  that  it  is  lighter  than  common  air : 
for  this  purpofe  put  three  or  four  lighted  tapers, 
of  different  heights,  under  this  receiver  full  of 
common  air^  in  w  hich  the  air  cannot  be  renewed, 
and  you  will  obfcrve  that  in  proportion  as  the 
vital  air  is  decompofcd,  they  go  out,  the  higheft 
firft;  a  fufficient  proof  that  this  gas  forms  the 
lightcft  pa^^  of  the  air. 

Phlogifticated  air,  when  it  is  pure,  has  neither 
tafte  nor  fmell. 

It  is  not  folvible  in  water,*  or  only  in  a  very 
fmall  degree. 

I  have  divided  a  tong  glafs  tube  into  equal 
meafures,  which  is  diftinguiftied  by  marks  made 
with  a  diamond.  I  fliall  now  put  two  meafures  of 
phlogifticated  gas  into  this  tubo,  and  then  agitate 
it  ftrongly  in  water  j  and  you  fee  that  after  the 
agitation  the  volume  of  air  is  not  fenfibly  dimi« 
niftied. 

This  gas  does  not  exhibit  any  lign  of  acidity ; 
it  does  not  redden  the  blue  colour  of  vegcubles* 
Here  is  a  tube  full  of  mere  phlogifticated  air ;  I 

I  intra* 
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introduce  therein  a  fmall  quantity  of  the  tindurc 
of  turnfole,  diluted  in  water,  and  you  find  that 
the  colour  remains  the  fame,  and  is  hot  changed 
by  the  gas. 

Phlogifticated  air  does  not  precipitate  lime 
from  lime-water.  I  put  a  fmall  quantity  of  lime- 
water  into  a  tuKe  filled  with  the  gas,  and  you  fee 
that  it  remains  clear  atnd  limpid,  and  that  no  pre- 
cipitation takes  place. 

It  is  improper  for  refpiration  and  combuftion; 
an  animal  is  foon  fuffocated  therein,  and  a  candle 
or  taper  immediately  extinguifhed. 

Plants  live  and  vegetate  in  this  air,  and  render 
it  refpireable;  th^  vegetables  decompofing  the 
water,  Separate  the  vital  air  from  it,  which  mix- 
ing with  this  gas,  forms  atmofpheric  air ;  in  fad, 
72  parts  of  this  gas  mixed  with  28  of  vital  air,  forms 
air  fimilar  to  that  of  the  atmofphere. 

This  gas  mixes  with  other  airs  without  com- 
bining with  them ;  it  is  abforbed  by  nitrous  acid, 
which  renders  it  fuming.  Mr.  Cavendilh  has 
ftiewn,  that  3  parts  of  azotic  gas  mixed  with  7  of 
"vital  air,^  and  then  expofed  to  the  paflage  of  the 
elaftic  fpark,  is  gradually  condenfed,  and  produces 
the  niirous  acid. 

Almoft  every  air  or  gas  is  convertible  into 
phlogifticated  air,  Vitai  air  abforbed  by  charcoal 
which  has  been  made  red-hot,  and  expelled  from 
thence  by  plunging  the  charcoal  in  water,  is  chan- 
ged into  phlogifticated  air.  A  mixture  of  one 
meafure  of  vital  air  and  two  meafures  of  inflam- 
mable air,  kept  f^anding  for  fome  time  together, 
was  found  to  contain  a  quantity  of  phlogifticated 
air.  Nitrous  is  changed  into  phlogifticated  air  by 
feveral  methods,  among  others,  by  cxpofure  to  the 
clcdric  (park,  by  abforption  by  charcoal,  and  ex- 
pulfion  from  thence. 

M.  BerthoUet  has  difcovered,  that  it  is  a  com* 
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bination  of  this  air  with  inflammable  atr  that  formi 
the  ammoniac  obtained  from  animal  fubflanccs^ 
by  thea<5lionof  fire>  and  by  putrifa^Uon ;  and  that 
plants,  which  give  the  fame  fait  by  diilillation»  ftir-^ 
ni(h  it  in  confequence  of  their  containing  thisgas, 
and  therefore  well  dcferve  the  name  of  animal 
plants^  which  has  been  given  to  them  by  fome  che- 
mifU.  M.  Fourcroy  has  found,  i.  That  of  animal 
matters,  the  fibrous  parts  afford  molt  of  this  gas 
by  nitrous  acid :  when  the  nitrous  acid  ads  upon 
the  flefti,  or  other  parts  of  animal  fubftances,  the 
elaftic  fluid,  which  is  firft  and  mofl  plentifully 
difeneaged,  is  phlogifticated  air.  2.  That  after 
putritadtion  they  contain  no  more  phlogifticated 
air,  but  are  rendered  capable  of  affording  a  can«  ^ 
liderable  quantity  of  ammoniac. 

Op  Atmospheric  Air»  and  it's  Division  jnto 
TWO   Elastic   Fluids;   one  pit   for  RBSpr« 

RATION,      THE     OTHER      INCAPABLE    OP    iBEINa 
RESPIRED^  /^: 

From  the  preceding  Ledures  it  appear-s,  t\^% 
our  atmofphere  is  compofed  of  a  mixture  of  eVe^^y 
fubftance  capable  of  retaining  the  gafeous  or  aerit 
form  ftatc  in  the  common  temperature,  and  under 
the  ufual  prefTure ;  that  thefc  fluids  conftitute  % 
mafs  infomr  meafure  homogeneous,  extending  from 
the  furface  of  the  earth  to  the  greateft  height 
hitherto  attained,  and  whofe  denfity  continually 
incrcafes  in  the  inverfe  ratio  of  the  fuperincumbqnt 
weight :  but  it  is  poffible  that  this  firft  ftratum 
may  be  furmounted  by  federal  others  confifting  of 
different  fluids. 

Modem  chemifb  haiVg^adeavoured  to  detcr-f 
mine  l^  experiments  thOM^h  fluids  which  com« 
P^  tjttlftjgfcr  ftratum  w^^^Bt    There  are  two 

ftituent  parts  of 
bodies. 
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bodies^  the  method  oianalyfis^  and  that  oifyntheft^ 
When,  for  inftance^  by  combining  water  witi 
ilcohol  you  form  what  is  called  brandy^  or  fpiriC 
of  i^ine^  you  have  certainly  aright  to  conclude,  thaf| 
brandy  or  (pirit  of  wine  is  compofed  of  alcohol 
combined  with  water.  The  fame  refult  may  be 
produced  by  the  analytical  method. 

My.  Lavoifier  has  treated  atmofpherical  air  i/t 
this  manner,  and  endeavoured  to  afcertain  it's 
nature  by  decompofing  it,  and  forming  it  anew; 
I  fliall  therefore  nere  recount  fome  ot  his  inte- 
refting  experiments.  He  took  a  retort  contain^ 
ing  about  36  inches ;  the  neck  was  fo  bent  as  to 
allow  it's  being  placed  on  a  furnace  while  the  neck 
was  inferred  under  the  gtafs  receiver  which  was 
placed  in  a  trough  oi  quickfilven  Four  ounces  of 
mercury  were  put  into  the  retort,  and  the  air  was 
txtnidtcd  from  the  receiver  by  means  of  a  fy]khon) 
fo  as  to  raife  the  mercury  therein  to  a  certain 
height,  which  height  was  carefully  marked  by  a 
flip  of  paper.  The  height  of  the  barometer  and 
thermometer  being  noted,  a  fire  was  lighted  in  the 
furnace,  and  kept  up  continually  for  12  days^  foas 
to  keep  the  quicklilver  always  almoft  at  the  boil^ 
ing  pomt. 

Nothing  remarkable  appeared  during  the  firif 
day :  the  mercury,  though  not  boiling.  Was  cond* 
nually  evaporating,  and  covered  the  interior  fiir&cc 
cif  the  veifel  with  (mail  drops,  at  firft  vcryminmc, 
which  gradually  augmenting  to  a  fufficient  fizc, 
fell  bick  into  the  mafs  at  the  bottom  of  the  vcffcl# 

On  the  fecond  day,  fmall  red  particles  begsn 
to  appear  on  the  furface  of  the  mercury,  which 
during  the  four  or  five  following  days  gradually  in- 
creafed  in  fize  and  number,  after  which  they  ccafcd 
tp  incteafe  in  every  refped.  At  the  end  of  1 2  days, 
Its  the  calcination  of  the  mercmy  did  not  incre»^ 
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le   fire  was  cxtinguiflied,  and  the  vcffeU  fufiered 
>  cool. 

The  volume  of  air,  in  the  body  and  neck  o^ 
le  retort,  ami  in  the  receiver,  reduced  to  a  mc- 
ium  of  78  inches  of  the  barometer,  and  54^  of 
le  thermometer,  at  the  commencement  of  the' 
xpcriment,  was  50  cubical  inches;  but  at  the 
nd  of  the  experiment,  the  remaining  air  reduced 
o  the  fame  medium  of  preflure  and  temperature^ 
ias  only  between  42  and  43  cubic  inches  ;  confe- 
lucntly  it  had  loft  zhout  five-JixShs  of  it's  volume. 
rhe  red  particles  were  afterwards  coUefted,  and 
ound  to  amount  to  45  grains. 

The  air  which  remained  after  the  calcination 
>f  the  mercury  in  this  experiment,  and  which  was 
reduced  to  five-lixths  of  it's  former  bulk,  was  nd 
longer  fit  either  for  refpiration  or  combuftion ;  ani- 
mals introduced  into  it  were  fuffocatcd  in  a  few  fe- 
conds ;  and  when  a  taper  was  plunged  therein,  it  wa^ 
extingui{he4»  as  if  it  had  been  immerged  in  water; 
Mr.  Lavoificr  then  took  the  45  grains  of  red 
matter  formed   during  the   experiment,  and  put 
them  into  a  glafs  retort,  with  a  proper  apparatus 
for  receiving  fuch  liquid  or  aerial  fluid  as  might 
be  extra(5led.     Having  applied  fire  to  the  retort  in 
a  furnace,  he  obferved  that  in  proportion  as  the 
red  matter  was  heated,  the  intenfity  of  it's  colour 
augmented.     When  the  retort  was  almoft  red-hot^ 
the  red  matter  began  gradually  to  decreafe  in  bulk| 
and  in  a  few  minutes  after  it  difappeared  altogether ; 
at  the  fame  time  forty-one  and  half  grains  of  run« 
ning  mercury  were  coUeded,  and  feven  or  eight 
cubical  inches  of  an  elaftic  fluid,  much  more  ca« 
p«ible  of  fupporting  both  combuftion  and  refpira- 
tion than   atmoibheric  air.     A  taper  burned  in  it 
^ith  a  dazzling  Iplendor;  charcoal,  inftead  of  con- 
fuming  quietly,  as  it  does  in  common  air»  burnt 
^ith  a  flame  attended  with  a  decrepiutiog  noHe^ 
Hh2  and 
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and  threw  out  fuch  a  brilliant  lights  that  the  Cft 
could  hardly  indure  it. 

If  you  refled:  upon  this  experiment,  you  readilr 
perceive,  that  the  mercury,  during  it's  calcination, 
abforbs  the  pure  and  refpirable  part  of  the  air ; 
chat  the  remaining  part  is  a  fpecies  of  meplritis, 
incapable  of  fupportingcombuftion  or  refpiration; 
and  Confequently  that  atmojpheric  air  is  compofrd 
of  two  elajtic  fluids^  of  different  and  oppofite  quali^ 
ties.  As  a  proof  of  this,  if  thefe  two  elaftic  fluids 
are  re-^combined,  that  is,  the  42  cubical  inches  of 
mephitis,  or  phlogifticated  air,  with  the  8  cubical 
inches  of  vital  air,  you  reproduce  an  air  apparently 
fimilar  to  that  of  the  atmofphere,  and  poflelTii^ 
nearly  the  fame  power  of  fupporting  combuftion 
and  refpiration. 

As  during  the  calcination  of  mercury  air  is 
decompofed,  and  the  bafe  of  the  refpirable  part 
fixed  and  combined  with  the  mercury,  it  follows 
from  what  has  been  already  eftablifhed  in  our  Lec- 
tures, that  fire  and  light  muft  be  difengaged  dur- 
ing theprocefs  ;  but  it  is  not  lenfible  in  this  expe- 
riment for  the  following  reafons  :  As  the  calcina- 
tion lafts  feveral  days,  the  fire  and  light  that  is  dif- 
engaged in  fo  confiderable  a  fpace  ottime,  becomes 
extremely  fmall  for  each  particular  moment  of  that 
time,  fo  as  not  to  be  perceptible,  and  further  is 
alfo  confounded  with  that  proceeding  from  the 
furnace. 

It  is,  however,  rtfy  to  render  this  difengage- 
ment  of  fire  and  light  evident  to  the  fenfes,  by 
caufing  the  decompofition  of  the  air  to  take  place 
in  a  more  rapid  manner.  For  this  purpofe  iron  is 
well  adapted,  and  we  Ihall  therefore  relate  to 
you  Dr.  Ingenhoufz's  curious  experiment,  which 
we  exhibited  to  you  in  one  of  our  lad  Lec- 
tures. You  remember  that  the  inftant  the  tinder 
eame  in  coma^  with  the  vital  air^  the  iron  wire 

took 
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t<K>k  fire,  and  burnt  rapidly,  throwing  out  brilliant 
fparks.     When  every  thing  has  been  properly  ar- 
ranged and  conduced,  according  to  Mr.  Lavoifier's 
xnethod,  the  whole  wire  is  confumed  even  to  the 
laA  particle  ;  the  globules  of  iron  will  be  found  in 
Uliat  ftate  called  martial  etbiops.     If  the  experi- 
ment be  well  made  from  100  grains  of  iron,  you 
^wrill  obuin  135  or  136  grains  of  ethiops,  which  is  an 
augmentation  of  35  per  cent.     Thefe  experiments 
iRrill  be  fufficient  to  give  you  fomc  idea  of  the  nature 
of  atmofpheric  air ;  you  will  find  many  more  to 
the  fame  purpofe  in  the  later  chemical  writers ; 
Ihewing  clearly,  that  the  mixture  of  about  72  parts 
of  phlogifticated  air,  and  2  8  of  vital  air,  form  a  fluid 
iimilar  to  the  mafs  in  which  we  live.     Thefe  two 
principles  are  fo  well  mixed  therein,  each  of  them 
€0  nccefliuy  to  the  fupport  of  the  various  fiindtioiis 
of  individuals  which  live  and  vegetate  upon  the 
globe,  that  they  have  not  yet  been  found  feparate 
and  alone.    The  proportion  of  thefe  gafes  is  fubjedt 
to  variations,  which  depend  on  local  caufes  that 
cannot  poflibly  be  afcertained* 

The  charaderiftic  properties  of  vital  air  arc 
nx)dified  by  thofe  of  phlogifiicated  air ;  and  thefe 
modifications  feem  to  be  neceflary,  for  if  we  were 
to  refpifc  vital  air  in  it's  purity,  it  would  quickly 
confume  our  life.  Though  it  may  be  ufeful  as  a 
medicine,  the  candle  of  life  would  bum  out  too 
faft,  and  the  animal  powers  be  too  foon  exhaufied 
in  the  pure  air. 

Mr.  Lavoifier,  from  the  foregoing /experi- 
ments, confiders  atmofpherical  air  as  a  mere 
mixture  of  vital  and  phlogifticated  airs.  Fof  this 
he  has  no  other  reafon  than  tTiat  by  applying  fub- 
ftances  to  it  \thich  have  an  affinity  to  vital  air,  the 
portion  of  this  fluid  that  is  in  the  atmofpherical 
air  is  abforbcdLlilule  the  refiduum  is  only  phlogif- 
ticated af  i. 

■L     Hh3  ^Ut 
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But  this  fad  wzj  only  (hew,  that  atmo* 
fpherical  air  can  be  decompounded,  and  that  it  manr 
be  coniidered  a$  a  chemical  'compound,  coniiftiAe 
of  a  given  proportion  of  vital  and  phlcgifticat«d 
airs.  There  are  indeed  many  reafons  to  induce  us 
to  prefer  this  confidenttion^  that  aimofpberical  air 
is  an  homogeneous  fluid,  or  in  other  wordsj  an  uni* 
form  cheinical  compound^  to  that  of  it*s  beii^  2 
piere  mixture  of  two  diftinft  fluids.*  ' 

Thus  we  find  vital  air  and  phlc^ifton  are  ca- 
pable of  combining  in  a  vj^riety  of  proportions. 
And  confequently  of  afTuming  different  forfns  :  there 
|s  therefore  no  improbability  in  fuppofing  atmo- 
fpherical  aifji  as  it  confifts  of  the  fame  elemenu^  to 
l)e  alfo  an  uniform  compound. 

Further,  atmofpherical  air  is  found  by  cu- 
flipmetrical  experiments  to  be  very  uniform  in 
the  proportion  of  it's  conllituent  parts  of  pure 
|ind  phlogillicated  airs.  If  it  were  a  mere  mix* 
^ure,  one  fhould  expe(5l  to  find  a  great  diverfity 
therein ;  but  being  a  compound  of  a  given  propor- 
tion in  it's  conllituent  parts,  which  proportion  is 
>jndoubtedly  the  beft  pofTible  for  it's  purpofes  of 
maintaining  animal  and  vegetable  fubfbances^  and 
other  important  ufes  to  which  it  is  dcftincd  ;  it  is 
^kept  very  nearly  of  one  uniform  compofition,  or 
jiegree  of  purity,  as  it  fs  called. 

If  th^  atrpofpherical  fluid  confifted  of  a  mere 
piixture  of  thcfe  two  airs  floating  together  in  the 
fame  fpace  as  they  are  of  different  ipecific  gni- 
vitics,  they  would  fcparate ;  the  pure  air  remaining 
hear  the  furfi^ce  of  *the  earth,  and  the  phlogifti- 
cated  air  afcending.  But  from  the  comparative ob- 
fcrvations  which  have  been  made  of  the  purity  of 
the  air  in  valleys  and  at  the  tops  of  lofty  mountains, 
there  is  reafon  to  believe^  that  np  fucb  feparation 
takes  place. 

Of 

♦Keif's  Chemical  Diftiong^ry,  farti,  p.  tf5. 
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Of  Nitrous  Air. 

Nitrous  air  was  firft  difcovercd  by  Dr.  HalcSj 
who    produced  it  from  the  Walton  pyrites,  by 
means  of  the  fpirit  of  nitre :  he  alfo  obfervcd,  that 
when  joined  to  common  air,  an  effervefcencc  en* 
fued,  with  a  turbid  red  colour  of  the  mixture,  and 
an  abfbrption  of  p^rt  of  the  common  air.     Dr^ 
Prieftlcy  extending  the  experiment  to  other  me- 
tallic fublbmccs  obferved,  that  the  fame  kind  of 
air  was  by  the  fame  acid  readily  procured  from 
iron,  copper,  brafs,   tin,   filver,  quicklilver,  bif- 
muth,  and  nickil ;  and  that  thougn  it  conftantly^ 
when  joined  to  common  air,  exhibited  thofe  ap- 
pearance^  mentioned  by   Dr.   Hales,   and  more 
conlpicuoufly  in  proportion  to  the  purity  of  the 
ccyn^mon  air  mixed  with  it  (that  is,  it*s  fitnefs  for 
refpiration} ;  yet  it  made  no  chaise  with  either 
fixed  or  inflammable  air,  or  that  air  tainted  by  th* 
breath  of  animals,  or  the  corruption  of  their  bo?- 
^lt$f    By  means  of  this   teft  he  was  enabled  to 
judge  of  the  kind,  as  well  as  of  the  degree  of  in«» 
jury  done  to  common  air  by  candles  burning  in 
It ;  and  to  perceive  a  real  difference  in  the  air  of 
his  ftudy,  after  a  few  perfons  had  been  with  hinj 
there.    Nay,  a  phial  of  air  having  been  fcnt^hira 
from  the  neighbourhood  of  a  large  town,  it  ap^ 
ipeared  upon  a  comparative  trial  to  be  inferior  m 
Quality  to  that  taken  up  near  Leeds.    1%  was  upon 
fiich  a  profpeA  of  obtaining  ^  criterion  for  diftin- 
guiihinggood  air  frombad^  that  Lord  Bacon  almpft 
in  a  rapture  breaks  out :  '^  There  are  noble  expe-* 
l-iments   that  cfiti  piake  this  difcovejy,   for  thef 
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Nitrous  air  is  one  of  the  conftituent  parts  of 
the  nitrous  acid,  or  it  is  rather  the  fame  deprived 
in  a  great  degree  of  it's  acid.  It  is  compofed, 
ttieretore,  of  the  fame  parts  as  th^  nitrous  acid, 
that  is,  of  mephitis,  or  phlogifticated  air,  holding 
a  fmall  Quantity  of  vital  air,  and  combined  with 
fire.  In  this  Hate  it  is  not  folublc  in  water ;  but  if 
it  be  fumifhed  with  vital  air,  it  becomes  acid,  and 
very  foluble  in  water. 

You  may  eafily  be  convinced,  both  analytical- 
ly and  fynthetically,  that  the  bafe  of  phlogifticated 
air  is  the  nitrous  acid,  holding  vital  air,  but  noc 
faturated  with  it,  for  in  that  cafe  it  would  become 
the  nitrous  acid. 

J.  By  analyfis,  you  may  deconipofe  the  nitrous 
acid,  and  reduce  it  to  the  ftate  of  nitrous  air,  by 
making  it  adt  on  any  metal,  as  copper,  which  takes 
away  the  greater  part  of  it's  vital  air.  Expofing 
this  air  afterwards  to  liver  of  fulphur,  it  is  de- 
prived of  the  remainder  of  the  vital  air,  and 
nothing  remains  but  phlogifticated  air.  a.  By 
fynthefis,  Mr.  Cavendilh  introduced  into  a  tube 
of  glafs  7  parts  of  vital  air,  obtained  without  the 
ufc  of  nitrous  acid,  and  3  parts  of  phlogifticated 
'air,  or  cftimating  them  by  weight,  10  parts  of 
phlogifticated  to  26  of  vital  air :  and  having 
caufcd  the  cledric  fpark  to  pafs  through  this  air, 
perceived  that  it's  bulk  was  confiderably  dinii- 
nilhcd,  and  fucceeded  in  converting  them  into  the 
nitrous  acid. 

From  this  experiment  it  may  be  prefumcd, 
that  the  nitrous  acid  is  a  combination  of  7  parts 
of  vi):al,  and  3  of  phlogifticated  air  ;  that  thefc 
proportioris.conftitute  the  common  nitrous  acid. 
When  it  is  deprived  of  a  portion  of  it's  vital 
air,  it  paffes  to  the  ftate  of  nitrous  air  ;  fo  that,  as 
we  (aid  before,  nitrous  air  is  a  combination  of 
phlogifticated  air,  with  a  fmall  quantity  of  vital 

air. 
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Sdr.  Nitrous  acid  niay  alfo  be  produced  by  expo- 
ling  vital  air,  for  a  long  time,  to  the  exhalations  of 
putrifying  animal  fubftances,  together  with  a  cal- 
careous earth,  or  any  other  proper  bafe  to  receive 
and  combine  therewith. 

The  nitrous  acid  may  alfo  be  inftantly  ph>- 
duced  by  mixing  nitrous  with  vital  air. 

The  exiftence  of  nitrous  acid  in  the  atmo- 
fphere  has  long  been  a  very  popular  opinion ;  it 
however  refted  upon  no  decifive  faft,  till  Mr. 
Cavendilh,  by  an  important  experiment,  feems  to 
have  placed  it  among  eftabliflied  truths.  He  has 
ihewn,  that  by  pafling  the  eleftric  fpark  through 
common  air  included  in  a  glafs  tube,  the  air  was 
diminifhed  in  quantity,  ana  nitrous  acid  was  pro- 
duced. 

Common  air  being  fuppofed  to  be  a  mixture 
of  vital  and  phlo^flicated  airs,  he  repeated  the 
experiment  on  a  mixture  of  thefe  fluids  as  above 
related,  and  found  that  when  mixed  in  due  pro- 
portion, they  were  wholly  convertible  into  the 
nitrous  acid,  or  nitrous  acid  and  water. 

Now  as  the  nitrous  acid  may  be  obtained 
either  from  a  mixture  of  common  and  nitrous  air^ 
or  of  common  andphlogifticated  air,  it  feems  evi- 
dent, that  nitrous  and  phlogifticated  airs  mufl: 
contain  the  fame  elements,  but  that  one  of  them  is 
itKxliiied  by  vital  air. 

Nitrous  air  may  be  difengaged  from  the  acid, 
by  making  this  a<ft  on  combuftible  matters,  which 
combine  more  or  lefs  with  it^s  vital  air,  whilft  the 
phlogifton  thereof  holds  a  fmall  quantity  of  vital 
air,  which  together  with  fire  forms  nitrous  air; 
confequently  it  may  be  extracted  from  the  nitrous 
.  acid,  by  means  of  iron,  copper,  brafs,  tin,  filver, 
mercury,  bifmuth,  and  nickel ;  and  even  from  aqua 
j^ia,  by  gold  and  antimony.    The  ttcid  muft  be 

cautioufly 
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cautioufly  applied  to  iron,  on  actount  of  the  ftrong 
cmiilion  of  the  fumee. 

It  may  be  obtained  from  the  nitrous  acid  by 
fpirit  of  wine,  ether,  oils,  reiinous  fubftanccs, 
gums,  fugar,  &c.  The  properties  thereof  are  the 
hmc,  from  whatfoevcr  fubflaiKe  it  be  extra<2:ed. 

It  is  obtained  in  largeft  quantities  from  metals. 
There  arc  fome,  however,  from  which  nothing  can 
be  obtained  but  phlogifticated  air,  becaufe  they 
deprive  the  acid  of  all  it's  viul  air. 

I  put  fome  thin  pieces  of  copper  into  this 
bottle,  which  I  fll  with  nitrous  acid  that  I  have 
prcvioufly  diluted  with  water;  I  then  put  in  a 
ground  ftopple  and  bent  tube  into  the  neck  of  the 
bottle,  and  introduce  the  tube  under  one  of  the 
jars  (that  are  filled  with  water)  of  my  pneumatic 
upparalus :  a  fermentation  you  fee  takes  place  in 
the  bottle,  the  metal  is  diffolved,  and  the  nitrous 
air  rifes  through  the  water,  and  fettles  at  the  upper 
jpart.  of  the  inverted  jar. 

Nitrous  is  very  little,  if  any  thing,  heavier 

than  atmofpheric  air.     Pure  nitrous  air  is  not  at 

til  mifcible  with  water,  as  you  mny  eafily  expe* 

irience  by  agitating  thcn(^  together  in  a  gtafs  tube 

under  w^ten     It  is  not  acid ;    does  not  change 

^^~  *^'  le  colour  of  vegetables,  fuch  as  the  tincr 

'  turnfole ;  as  you  will  fee  by  ^y  pafling  a 

)f  tiie  tin(ilure  in  this  tub?  with  nitrous  ai|^ 

our  is  not  changed. 

does  not  maintain  combullion.  I  plunge 
jhfed  taper  into  it,  you  fee  how  foon  it  is 
jifhed;  befpre  the  flame  went  out  it  became 
een  colour.  It  i^  unfit  for  refpiration,  and 
y  kills  botfi  animals  and  plants.  Itpoflffles 
harkable  p^-operty  of  uniting  with  vital  ain 
'hic|i  it  forms  nitrous  acid;  when  mixw 
ithj^  it  forins  a  ired  clpud,  wli^ch  U  ix^ibtd 
w^^X^  and  ^endei^s  it  acid^ 
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Here  is  a  long  glafs  tube^  divided  into  equal 
meafures ;  I  fhall  fiHt  put  two  meafures  of  atmo- 
fpheric  air  therein,  and  one  of  nitrous  air;  yott 
obferva  that  it  fumes  immediately,  and  becomes 
hot ;  and  as  the  combination  which  now  takes 
place  forms  nitrous  acid,  which  is  very  folvible  in 
water,  you  will  fee  the  water  rife  in  proportion  as 
it  abforbs  the  acid;  fo  that  of  three  meafures 
which  were  in  the  tube  at  firll,  only  one  and  a  half 
will  remain ;  if  the  air  was  good,  the  refiduum  is 
azotic  air.  The  heat  produced  in  this  experiment 
arifes  from  the  fire  which  is  fct  Zft  liberty.  If  in- 
itead  of  atmofpheric  air  you  put  into  the  tube  two 
meafures  of  vital  air,  and  two  of  nitrous,  the  whole 
will  be  nearly  abforbed  by  the  water.  Dr.  Prieft> 
ley  found  by  various  experiments,  that  when  ni- 
trous air  is  mixed  with  any  other  elaftic  fluid,  they 
undergo  no  change,  if  the  latter  be  unfit  tofupport 
combudion  or  animal  life ;  but  if  the  contrary,  the 
jed  cloud  is  formed,  and  the  whole  bulk  of  the 
mixture  is  diminifhed,  accordingly  as  the  air  is 
more  or  lefs  pure. 

This  property  of  nitrous  air  to  abforb  the  rcCpw 
rative  part  of  air,  and  form  the  nitrous  acid,  ena- 
bles us  to  ufe  it  as  a  /^  to  difcover  the  falubrity  or 
portion  of  vital  air  in  the  compolition  of  the  atmo- 
Iphere :  upon  this  principle  Eudiometers  are  con- 
ftrudcd.  This  inftrument,  however,  is  as  yet 
Jmperfed ;  it  will  indeed  fhew  to  a  certain  degree 
JDf  accuracy  the  proportion  of  vital  air,  and  the 
falubritv  of  the  atmolDhere.  as  far  as  it  mav  deoend 
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or  cfFeft  that  may  arife  from  a  difference  of  tem- 
perature. 

Nitrous  air  may  be  dccompofed  by  expofing 
it  to  liver  of  fulphur ;  the  vital  air  unites  with  the 
fulphur^  and  forms  vitriolic  acid^  and  leaves  the 
azotic  air  behind  in  a  ftate  of  purity.  It  may  alfo 
be  decompofed  by  pyrophorus,  which  burns  there- 
in and  abforbs  the  vital  air. 

Mr.  Van  Marum  has  fliewnj  that  this  gas  may 
be  decompofed  by  the  eleftric  fpark,  that  3  cubic 
inches  thereof  were  thereby  reduced  to  one  inch  and 
3  quarters^  and  that  the  refidue  no  longer  pofieffes 
any  properties  of  nitrous  air.  The  vitriolic  acid 
abforbs  nitrous  air»  and  alTumes  a  purple  colour; 
marine  acid  imbibes  it^  and  becomes  blue :  it  is 
alfo  abforbed  by  ether^  alkaline  liquors^  and  fpi- 
rit  of  wine. 

If  nitrous  acid  be  expofed  to  nitrous  air,  the 
latter  is  abforbed  in  large  quantities,  and  the  co- 
lour of  the  acid  changes,  firft  at  the  furface,  and 
gradually  through  the  whole  liquid;  the  fucceflion 
of  colours  are  firft  yellow,  then  deep  jorange,  next 
green,  and  laftly  blue :  by  this  abforption  the  acid 
is  rendered  much  more  volatile. 


Of 
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Of  Fixed  Air, 

This  acid  is  generally  found  in  an  aeriform 
Hate:  of  the^ various  claftic  fluids  it  is  that  which 
has  been  longeft  known ;  from  it's  apparent  acid 
qualities  it  has  been  named  aerial  acid^  and  carbo^ 
jiic  acid ;  from  it's  noxious  qualities  it  is  often 
termed  mephitic  air.  Van  Helmont  called  it  gai 
Jyhejiris,  becaufe  it  was  produced  in  vaft  quanti^ 
tics  during  the  combuftion  of  charcoal.  The  term 
fxed  air  was  given  thereto,  becaufe  it  fo  rapidly 
loft  it's  elafticity,  and  fixed  itfelf  in  many  fub-. 
ftances,  particularly  thofe  of  the  calcareous  kind : 
it's  nature  is,  however,  far  from  being  afcertained* 
Many  chemifts  confider  it  as  fimple,  or  at  leaft  as 
having  never  yet  been  decomposed.  It  is  about 
twice  as  heavyms  common  air ;  hence  it  occupies 
the  lower  parts  of  thofe  cellars,  mines,  caves,  &c. 
that  contain  materials  proper  for  it's  formation. 

The  French  chemifts  confider  fixed  air  as  a 
combination  of  carbonne,  (matter  or  principle  of 
charcoal,)  and  vital  air.  They  think  this  to  be 
evident  for  the  following  reafons:  Firft,  that  the 
calces  of  mercury  are  reducible  without*  addition 
when  diftilled,  and  afford  only  vital  air;  but  if  a 
fmall  quantity  of  charcoal  be  mixed  with  the  calx, 
the  produA  which  comes  over  is  only  fixed  air, 
and  the  weight  of  the  charcoal  is  diminilhed. 
Secondly,  that  if  well  made  charcoal  be  ignited, 
and  plunged  into  a  veflel  of  vital  air,  and  the 
veflel  be  inftantly  clofed,  the  charcoal  bums  ra- 
pidly, and  at  laft  goes  out ;  the  produft  is  fixed 
air,  and  a  fmall  quantity  of  vital  air,  which  may 
be  changed  into  fixed  air  by  the  fame  operation. 
The  French  chemifts,  confidering  nothing  to  bo 

prcfent 
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prefcnt  but  charcoal  and  vital  air^  conclude  that 
fixed  air  is  a  combination  of  thefe  two  principles 
held  together  by  fire ! 

This  gas,  or  air,  is  often  to  be  found  occu- 
pying the  lower  parts  of  mines,  caverns,  tombs, 
neceflaries,  and  fuch  other  fubterraneous  places  as 
contain  materials  for  producing  it.  It  is  called 
choke-damp  by  the  miners.  The  grotto  del  cano, 
near  Naples,  has  long  been  famous  for  a  mephitic 
vapour,  which  floats  within  a  foot  of  the  furface. 
It  is  a  cave  in  the  fide  of  a  mountain,  near  the  lake 
Agnano,  into  which  if  you  thruft  a  dog,  or  any 
other  animal  that  holds  down  it's  head,  it  is  imme- 
diately killed  by  inhaling  the  noxious  vapour.  It 
exifts  in  a  (late  of  fimple  mixture  in  mineral 
waters;  in  thefe  it  poffeffes  all  it's  acid  qua- 
lities. 

It  is  emitted  in  large  quantities  from  bodies  in  a 
ftate  of  vinous  fermenution,  fuch  as  wine,  beer,  &c. 
On  account  of  it's  great  weight,  fixed  air  occupies 
the  fpace  or  upper  part  of  the  veflels  where  the  fer- 
menting procefs  is  going  on.  A  variety  of  entertain- 
ing experiments  may  be  made  in  thisftratumof  elaftic 
fluid.*  Lighted  paper,  or  a  candle  dipped  into  it, 
is  immediately  extinguilhed,  and  the  fmoke  re- 
maining tn  the  fixed  air  renders  it's  furface  vifible, 
which  by  agitation  may  be  thrown  into  waves,  and 
has  a  very  pleaflng  effed:.  If  »  dilh  of  water  be 
immerfed  in  this  air,  and  briflcly  agitated,  it  foon 
becomes  impregnated,  and  obtains  the  lively  taftc 
of  Pyrmont  ^ater.  In  confequence  of  it's  weight, 
fixed  air  may  be  dipped  out  in  a  pitcher,  or  bottle, 
and  conveyed,  if  well  corked,  to  a  great  diftance. 
The  cffeAs  produced  by  pouring  this  invifible  fluid 
from  one  vcflcl  to  another,  have  a  very  Angular  ap- 

pearance« 

*  Prieftley'9  Experiments  and  Obfervations  on  Air,  vol.  i.p.  44^ 
Vichouon'srirft  Principles  oFChemiftry,  p.  178* 
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pearance.  If  a  candle,  or  fmall  animal^  be  placed 
m  a  deep  veflel,  the  former  is  cxtinguifhed,  and 
the  latter  expires  in  a  fccond,  after  the  fixed  air  is 
poured  upon  them ;  though  the  eye  is  incapable  of 
perceiving  any  thing  thus  poured  out,  and  pro* 
ducing  thefc  effeiSs. 

This  air  is  alfo  furnilhed  in  great  abundance 
by  the  r^fpiration  of  animals,  where  the  vital  air, 
which  has  parted  with  a  great  portion  of  it's  fire 
for  the  fiipport  of  animal  life,  combines  with  a 
carbonnoii?  fubftancc,    which  is  difengagcd  from 
the  blood  in  the  lurgs.     You   have  already  fttn 
how  unfit  this  fixed  airisfor  rcfpiration.     Hiftory 
informs  us,  that  the  two  flaves,  whom  Tiberius 
caufed  to  defcend  into  the  grotto  dtl  cano,  were 
immediately  ftifled.     Two  criminals,  caufed  to  be 
fhut  in  there  by  Peter  Toledo,  fufFered  the  fame 
fate.     The  abbe  Nollet,  who  had  the  courage  to 
rcfpire  the  air,  perceived  a  fufFocating  fenfation, 
ana  a  flight  degree  of  acidity,  which   produced 
coughing  and  fncezing.     The  unfortunate  Pilatre 
de  Rozier  caufed  himfelf  to  be  let  down  into  the 
gafeous  atmofphere  of  a  back  of  beer  in  fermen- 
tation :  he  had  fcarce  entered  the  mephitis  before 
flight  prickings  obliged  him  to  fliut  his  eyes,  a  vio- 
lent fufFocation  prevented  him  from  refpiring,  he 
felt  a  giddinefs,  accompanied  by  thofe  noifes  which 
chara<5lerize  an  apoplexy :  when  he  was  drawn  up, 
his  fight  remained  dim  for  feveral   minutes,  his 
countenance  was  become  purple,  he  neither  heard 
nor  fpoke,  but  with  great  difficulty,     Thefc  fymp- 
toms,  however,  all  difappeared  by  degrees. 

It  is  this  air  which  produces  the  many  un- 
happy accidents  at  the  opening  of  cellars,  in  places 
where  wine,  cyder,  or  beer,  are  fuffered  to  ferment. 
Birds  plunged  into  this  air  fuddenly  pcrifti.  When 
the  waters  of  Boulidou^  of  Pcrols,  are  dry,  fuch 

bird« 
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birds  as  attempt  to  quench  their  third  in  the  clefts, 
are  enveloped  in  the  fatal  vapour,  and  die. 

Frogs,  by  fufpending  their  refpiration,  live 
from  forty  to  fixty  minutes,  when  plunged  in  an 
atmofpherc  of  fixed  air.  Infe<5ts  are  rendered  tor- 
pid if  they  remain  a  long  time  in  this  air,  but 
recover  their  vivacity  as  foon  as  they  arc  expofcd 
to  the  open  air. 

Fixed  air  is  combined  with  a  great  number  of 
fubftances.     It  forms  about  one  third  of  the  weight 
of  lime-ftone,  marble,  calcareous  fpar,  and  other 
natural  fpecimens  of  calcareous  earth,  from  which 
it  may  be  extracted  by  heat,  or  by  any  acid  ftronger 
than  itfelf.     Stronger  acids  expel  more  fixed  air 
than  thofe  that  are  weaken     I  fliall  (hew  you  how 
to  extricate  this  air  from  fome  marble  grofsly  pow- 
dered, with  which  I  fhall  fill  about  a  fifth  part  of 
this  bottle,  (which  is   furniftied  with  a  ground 
ftopple  and  bent  tube,)  and  then  pour  on  enough 
water  to  cover  the   chalk,    and   add   this   fmall 
quantity  of  oil  of  vitriol,  being  about  a  fourth  or 
;nfth  part  of  the  water.     I  now  pafs  the  extremity 
of  the  tube  through  the  water  into  the  pneumatic 
tub,  fo  that  it  may  remain  under  the  neck  of  this 
receiver,  which  is  filled  with  water;  a  fermentation 
immediately  takes  place,  which  is  accompanied 
with  heat,  as  you  will  feel  by  applying  your  hand 
to  the  out  fide  of  the  bottle ;  and  the  elaftic  fluid, 
.which  is  fixed  air,  is  copioufly  emitted  from  the 
mixture,    which  paffing  through  the  bent  tube, 
and  th?  water,  afcends  to  the  top  of  the  receiver! 
in  proportion  as  it  fills  this,  the  water  gradually 
defcends,  and  is  at  lafi:  quite  expelled.     We  may 
now  remove  our  bent  tube  and  bottle  to  another 
receiver,  and  thus  proceed  till  we  have  obtained  as 
much  fixed  air  as  it  will  furnilh.     This  air* is  ab- 
forbed  by  watci;,  but  the  abforption  is  very  flow 
unlcfs  the  water  is  agitated,   by  which  ipeanftjM 
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multiply  the  points  of  contadt.     I  Ihall  put  three 

jneafures  of  fixed  air  into  this  graduated  .tube>  and 

yhen  agitate  it  brilkly  in  the  water  of  bur  pneumatic 

tub,  allowing  tiftie  for  the  abforptibn  to  take  plaCre. 

1  flow  elevate  the  tube,  and  you  fee  by  tlie  rife  of 

the  water  thefein,  Jiow  muck  aip  it  has  abforbed. 

Water  in  general,  under  the  common  pjreflure  of 

the  atmofpher^j  and  at  a  low  temperature,  abforbs 

fomewhait  more  than  it's  oulJc  of  fixed  air.     It  ^b-? 

forbs  more  wheij  cold  than  when  it  is  heated,  *  If 

water,  impregnated  with  this  air,  beplijced  on  a 

brifk  fire,  the  rapid  efcape  of  the  aerial  bubblei 

gives  it  the  appearance  of  boiling  water,  when  thi 

heat  is  not  greater  than  the  hand  will  bear. '  ponw 

gelation  fcparates  this  air  completely  from  water^ 

out  no  degree  of  cold  or  preffur^f  has  yet  exhibited 

it  in  a  ftate  of  concentrated  or  (Jenfe  fluidity.  *   '" '  ^ 

Water  impregnated  yitii  this  air,  acquij'es  ^ 

Sleafant  acidulous  cafle.^ijd  the  properties  of  fimpii^ 
linerai  waters  j  it  i$  .efteemed  a  powerful  anti-f 
jTeptic,  and  pdAeflTefs' very'  valuable  medicinal  qua4 
iities.  ^he  Mjfuxal  acidulous  mineraj  waters '  do 
not  differ  fropi' thefe,  excepting  in  holding  othejjr 
|)rinciples  jn  Solution,  and  they  may  be  pcrfe(5Uy 
•iniitated  When  their  analyfis  isknown.  It  is  abfur^ 
to  thinjj  thkt  ^rt  is  incapable  of  imitating  haturt 
in  the  cdmjpofition  of  mineral  waters.  The  opera* 
ition  is  pufely  itiechanical,  confillin^of  thefolution 
bf  certain  known  principles  in  water ;  we  can  anci 
ought  therefore  to  perforni  it  ftill  better,  as  we  have 
the  power  of  varying  the  dofc,  and  proportioning 
the  ftrength  of  any  mineral  water  to  the  purpofo) 
to  which  i;:  is  intended  to  be  applied*    ^     *  "  '  ^ 

7*0  IMPRJBGNATE  WaTJBR  WITH  FjX?D  AlR. 

For  inipregnating  fixed  air  with  water,  T5r.    - 
l^pofb*^  /n^chine  U  the  moft  cfFc<au?il  and  tonvc^ 

'  y©^. ji^  I^      -  :  .    .    nientt 
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nicnt.     It  confifts  of  three   glafs  veflcls,  (jig.  $^ 
pL  6.)     The  lower  vefiel  C  contains  the   cffer- 
vifcent  materials;   the  middle  vefiel  B  is  open» 
both  above  and  below ;   it's  inferior  neck  is  fitted 
by  prrinding  into  the  neck  H  of  the  lower  vcflcl; 
in  the  former  is  a   Valve;    this  valve  opens  and 
fuffers  the  air  to  pafs ;  but  the  water  cannot  return 
through  the  tubes,  partly  becaufe  the  orifice  is 
ca-pillary,  .and  partly  becaufe  the  flat  piece  coven 
the  hole ;  the  middle  veflel  is  furftifhcd  with  a  cock 
K,  to  draw  oft'  it's  contends  ;   the  upper  veflTcl  A  is 
fitted,  by  grinding,  into  the  upper  neck  of  the 
middle  veflel ;  it's  inferior  part  confifts  of  a  tube^ 
that  pafl[es  almoft  as  low  as  the  center  of  the  middle 
vt^flilj    it's  upper  orifice  is  clofed  by  a  ground 
ftopper  P.    When  this  apparatus  is  to  be  ufed,  the 
cftervcfcent  materials  are  put  into  the  lower  vcflelji 
the  middle  vcffel  is  filled  with  pure  watetj^  and  put 
ia  it's  place,  and  the  upper  veflel  is  nearly  ftoppedJ^ 
and  likewife  put  in  it's  place  ;  the  confequence  is^ 
that  the  fixed  aif,  pafling  through  the  valve  at  H, 
afc ends  into  the  upper  part  of  the  middle  vdTel  B, 
where,  by  it's  elafticity,  it  re-acfls  upon  the  water, 
and  forces  part  up  the  tube  into  the  vefltl  A ;  par? 
of  the  common  air  in  this  laft.  being  compreflcd, 
and  the  reftefcaping  by  the  ftopper,  which  is  mad? 
of:a  conical  figure,  that  it  may  be  eafily  raifed;  as 
more  fixed  air  is  extricated,  more  water  rifes,  till 
at  .length  the  water  in  the  middle  veflTel  falls  below 
the  lower  orifice  of  the  tube ;  fixed  air  then  paffcs 
through  the  tub^  into  the  upper  veflel,  and  expels 
more  of  the  common  air  by  raifing  the  ftopper; 
in  this  fitnation,  the  water  in  both  veflels  being  in 
contact  with  a  body  of  fixed  air,  after  a  certain 
time  becomes  ftrongly  impregnated  with  that  flui(l. 
This  cffcd  may  be  haftened  by  taking  ofFthe  mid- 
dle and    uppcf  velCjJ^   together,   and   a^itapng 
thcoif   . 
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The  watcFj  thus  impregnated,  has  acquirec!^ 
acid  properties ;  for  it  will  change  the  blue  infufion 
of  turnfole  red :  nay,  if  a  weak  folution  thereof  bq 
only  cxpofed  to  fixed  air,  it  Requires  a  reddift^ 
tint. 

This  air,  an4  th^  water  impregnated.therewith, 
precipitates  lime  from  lime-w^ter :  tq  prove  this 
to  you,  I  fh^ll  mix  a  lif  tie  of  this  lin^c- water  with 
ibnie  ftxed  air  |  you  fee  the  water  ^flumes  a  milky 
appearance,  and  the  linie  is  precipitated.  The  fame 
effedl  would  take  placp  if  I  was  to  pour  upon  the 
lime-water  fpme  water  impregnated  with  fixecj 
air. 

Lime  combined  wifh  this  air,  forms  chalk 
which  is  not  foluble  in  water,  but  i?  precipitated 
thereby ;  lime-water  is  therefore  a  teft  Tof  to  dif- 
f  over  this  air.  It  was  Dr.  Black  who  firft  fhewed 
that  the  caufticity,  fharpnefs,  and  folubility  in 
water  of  calcareous  earths,  was  owing  to  fheir 
being  deprived  of  fixed  air  i  and  that  when  they 
were  combined  with  a  proper  quantity  thereof,  they 
were  mild  j  the  dodtor  giving  them  the  name  of  "** 
mild  when  they  were  combine^  with  fixed  aif,  an4 
pfcaufticAvhen  deprived  of  it. 

Lirpe-water  is  precipitate^  by  the  vabquf 
citiitted  by  animals  in  refpiratibn^     •  ,   •«  v    ♦  »    : 

Fixed  air  combines  with  alkalies^  It  neutra- 
lizes both  fixed  and  volatile  alkaliqs,  not  only 
deftroy^  their  aciditv,  but  gives  them  manifeftly  an 
acicl  taftc,  and  enaples  thenrj  to  form  cryftals  of  a 
neatral  or  acidulous  fait.      ' 

'  Some  writers  aflert,  that  thi^  air  refills  putrid 
faftion,  abforbing  the  putrid  elfluvia  emitted  fron^ 
bodies.  It  is,  ho^yever^  improper  for  ypgeta^ipn. 
Pr.  Pricftley,  having  Ijept  ihc  ipftfg  pf  feVpal 
plants  in  watfer  imprejgnatcd  with  tf  obiorvecj 

^t  they  zlVpcifi{h€^^  ktid  in  t&al  b  \yhcri 

'        'it"'  "^. ^  JLiit-s^  ^  olanti 
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plants  vegetate  in  water,  or  in  air  which  contains 
this  gasj  the  quantity  of  gas  is  very  fmalU  Mn 
Sencbicr  has  obfcrved,  that  plants^  fufl'ered  to  grow 
in  water  (lightly  acidulate^  with  this  gas,  emit  a 
larger  quantity  of  vital  air,  Mr.  Ghaptal  fays,  that 
the  fungi  which  are  formed  infubterrancous  mines, 
are  almoft  fotaljy  refolved  into  fixed  air;  but 
if  thefe  vegetables  be  gradually  expofed  to  the 
adion  of  light,  the  proportion  of  acid  diminifties, 
while  thaf  pf  the  coaly  principle  aujgmcnts,  an4 
the  vegetable  bccopies  coloured. 

By  pafling  the  eledlric  fpark  through  fixed 
air,  confined  by  mercury,  the  volump  pf  air  is  ,^ug- 
mented  about  one  twenty-fourth  part,  and  of  this 
three  fifths  wijl  be  abforbed  by  a  folution  of  cauftic 
alkali,  and  the  remainder  is  inflampnablc.  Many 
attempts  have  been  piade  to  explain  this  faifl,  but 
they  are  too  unfatisfadory  for  relation. 

Ffxed  air  is  heavier  than  comm.on  air.  Ac- 
cording to  Mr.  Kirw^n,  fixed'  ^lir  is  fo  common 
air  as  45.69  to  68.74;  accprding  to  Mr.  Lavoificr, 
as  48.81  to  69.50. 

As  ^  knowledge  of  the  nature  of  thig  ^ir  is 

highly  neceflary,  iij  accounting  for  a  variety  of 

phenpmenaj  I  fliall  lay  before  you  a  fummarv  of  it'^ 

properties^  to  imp^efs  piore  ftrongly  what  (  have 

already  mentioned  to  you.     i.  It   has  addtpd  one 

rnore  to  the  number  of  acids,     2.  When  calcareous 

alkalies  and  magnefia,  in  their  ufu^l  ftate,  are  fnixed 

with  acids,  an  effcrvefcence  takes  pl^ce,  aijd  fixc^ 

air  is  difengaged  from  them.     3.  It  has  caufed  a 

4iftincilion  to  be  made  of  all  alkaline  .mattcf  int^ 

tates ;    the  ftate  of  purity  or  caujlicity^  a^  tl^f 

[late,  having  the  property   of  cffervefccncc. 

ies,  boph  fixed  and  volatik,  become   mor^ 

c  and  more  powerful   foivcnts,    wJicn   dc- 

^0/ their  fixpd  ^ir;  they  are  then  alfp  in^- 

pftWc 
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pabl'eofcryftallization,  and  effervcfcingwith  acidsi 
The  calcareous  earths  which  arcinfoluble  in  water, 
\vhen  deprived  of  their  fixed  air^  are  foluble  therein; 
thus  lime-ftbne  is  not  foluble  in  water,  but  lime, 
that  is,  limc-ftoilc  deprived^f  it*s,  fixed  air,  is 
foluble  in  water.     It  has  thus  removed  from  che-^. 
miftry  the  difficulties  it  was  under  in  accounting 
for  the  difFeWncei  between  the  mild  and  caultic 
(late  of  lime  atid  alkalies,  and  their  elFervefcencc 
with  acids  in  the  one^  but  not  in  the  othi^rt  by 
pointing  but  this  effe*,  Dr^  Blacky  of  Edinburgh^ 
has  been  OJf  the  utiftoft  benefit  to  fcience,  and  now 
reaps  the  reward  arifing  frbm   well-defe^ved  and 
univerfal  £anle»    4.  It  gives  the  ftrft  inftance  of  an 
ic id  which  prefers  lim6*to  fixed  alkalies-.     5.  It 
has   explained  the   nature  of  mcphitic   caverns. 
6.  It  has  rendered  the  analyfis  Of  waters  more  per- 
feA,  particularly  fuch  as  are  called  gafeous,  aci- 
dulous, and  fpirituous;    and  we  have  fucceeded  in 
imitating  of  them*     7.  It  has  thrown  great  light 
on  the  folution  of  iron  in  many  watdrs,  and  on  the 
hieans  of  procuring  martial  waters  fimilar  to  thofe 
in  nature*     Laflily^  it  has  operted  a  new  field  to  the 
refearches  6f  chentifis  artd  natural   philofophers. 
Indeed  evety  Cbjecl  in  nature  affords  occafion  for 
philofophical  experiment,   and  every   experiment 
which  is  ihade^  even  with  an  exprefs  view  to  any 
particular  invcftigation,  incidentally  fuggelts  mat- 
ter for  new  inquiry.     There  is  not  an  ariimal  or  a 
vegetable  fubftanc^  that  we  feed  on,  nor  a  faline 
fubft:ance  that  we  tafte,  nor  a  beverage  that  we 
^rink,  nor  the  air  we  breathe,  nor  a  metal  that  we 
handle,  nor  a  ftone  we  tread  upon,  but  what  niay 
lurnilh  matter  for  an  infinity  of  experiments.     It 
is  by  experiments  that  natural  philolbphers  explore 
Secondary  caufes,  which  arc  fteps  that  ought  to  lead 
the  mind  of  man  from  earth  to  heaven  i  for  the 

i  i  :j  more 
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more  diftinflly  you  apprehend  the  number  anfl 
conne<5lion  of  the  fecondary  caufes  operating  in  this 
little  fyftcm  which  is  fubmitted  to  your  view,  th* 
more  certainly  you  will  perceive  the  ncceflity  of 
their  ultimately  dcfl|nding,  like  the  link's  of  Homcr'i 
thain,  on  a  FtR&r.* 

♦  Watfon's  Chemical  Effays,  vol.  iv.  p.  3^4. 
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LECTURE    XL 

Of  Inflammable  Air. 

TrtlS  air  is  found  ready  formed  ill  marflics, 
ditches>  and  over  the  furface  of  putrid  waters, 
in  burying-places,  in  houfes  of  office,  and  in  litu- 
^tions  where  putrid  animal  and  vegetable  matters 
«re  accumulated ;  it  may  alfo  be  extratled  from 
the  waters  of  moft  rivers  and  lakes,  cfpecially  thofc 
in  which  great  quantities  of  fermenting  and  putri- 
fying  matters  are  thrown*     Dr.  Franklin  fays,  that 
in  warm  countries,  if  the  mud  at  the  bottom  of 
•a  pond  be  well-  ftirred,  and  a  lighted  i candle  be 
•brought  immediately  after  near  the  furface  of  the 
water,  a  flame  will  inftantly  fpread  a.confiderable 
-way  over  -the  water,  affording  a  very  curious  fpec- 
tacle  in  the  night  time.     Mr.   Cavallo  afTures   us, 
•that  it  may  be  plentifully  procured  from  moft  of 
the  ponds  round  London :    to  do  this,  fill  a  wide- 
THOUthed  bottle  with  the  water  of  the  pond,  and 
Jceep  it  inverted  therein,,  then  with  a  ftick  ftir  the 
jnud  at  the  bottom  of  the  pond,  juft  under  the 
inverted  bottle,  fo  as  to  let  the  bubbles  of  air  which 
proceed  therefrom  enter  into  the  bottle ;  this  air 
js  inflammable.     When  by  thus  ftirring  the  mud 
in  various  places,  and  catching  the  air  in  the  bottle, 
you  have  filled  it,   you  mull  put  a  cork  in  the 
bottle,  whilft  the  mouth  is  under  water,  and  ypu 
may  then  take  it  home  to  examine  the  contents  at 
leifure.     There  arc  many  inllancics  recorded,  of  a 
vapour  iflTuing  from  the  llomach  of  dead  perfons, 
which  took  fire  on  the  approach  of  a  candle;  and 
fuch  air  is  probably  often  generated  in  the  intef- 
tines  of  living  animals.     It  is  found,  in  mitieg  in 
fuch  quantities  as  to  produce  the  moft  dreadful 
li  4  cffeds. 
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cffeAsi.  Being  lighter  than  common  air,  it  alwTji 
rifes  to  the  tpp  of  thofe  places  where  it  is  gcncmtcd, 
fo  thit  it. cannot  be  confined  except  in  fomc  vaulted 
place.  By  itfelf  it  is  very  noxious,  and  will  in- 
Jlantly  put  an  end  to  animal  life ;  but  when  mixed 
with  atrnofphericat  air,  may  be  breathed  in  much 
greater  quantity  than,  fixed,  air  ;^  it's  great  inflami 
inability  in  this  ftafe,-  howevet",  fenders  it  very 
<Jangerous  to  bring  any  lights  in  thdfe  places  where 
it  abound^ ;  it  does  not  in^arne  ^Imlcfs  mixed  widi 
atmofpherical  or  with  vital  aif,  for  p«rc  inflam* 
inablc  air  cxtinguifties  flame  as  cfFedually  as  fixed 

f>rphl9gifticated  air;  ^the  fexplofion  is  more  viam 
ent,   and   the  flahie  more  brilliant^    when  it  is 
inixcd  with  vital  fhari  with  atthofpheHcal  air. 

J  Inflammable  air, may  be  obtained  in  ^eat 
puHty  by  decdmpofmg  watfcr,  which  is  always  i 
conftituent  part  thereof.  The  French  writers  term 
it  hydrogene^  that  is,  generator,  of  "water. 
,  ^  Inflammable  air  hiay  always  be  obtained  froni 
water  by  fubjc<fling  water  to  the  adlion  of  a  fub- 
ilance  with  which  vital  air  has  a  greater  aflinity 
than  it  has.  to  inflamrnable  air  :  by  this  means  the 
inflammable  air  is  fet  free.  Red-hot  iron  is  oftcii 
employed  for  this  purpofe ;  the  iron  during  this 
jprocefs  is  calcined,  and  is  changed  into  a  fubftancc 
fefembling  the  iron  ore  from  the  ifland  of  Elba  \ 
Jn  this  ftate  «f  calx  it  is  much  lefs  attradible  by 
the  magneti  and  dilTolves  in  acid^  without  eflfcr- 
vefcence.  .^  .    •  .   . 

;  y  Charcbalj^  ih  a  red  heat,  has  the  larhe  power 
of  deco'mpoling  water ;  in  this  pix>cefs  fixed  air  is 
formed  and  mixed  with  the  inflammable  gas,  but 
^s  eafiiy  feparated  by  hieans  cf  water  or  alkalies; 
;whichabforb  the  fixed  aifi  and  leave  the  inflam- 
inable  pure.  Inflammable  air  may  alfo  be  obtained 
by  diflblving  iron  or  zinc  in  weak  oil  of  vitrioli 
thcfe  two  metals  dccompofe  watct  but  very  Howlfi 
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knd  with  great  xlifficulty,  when  alone,  but  do  it 
"^vith  great  eafe  and  rapidity  when  ailifted  by  the 
Vitricrfic  acidly  .  ,  _        ,  - 

I  put  fonie  iron-filings  iiitb  thistfbttlfc;  t;(rhicH 
Ss  limilar  to  that  we  ufcd  in  making  fixed  air,  and 
then  cover  them  with  oil  of  ritriol,  which  I  have 
Ifiiluted with  water;  a  fermentation eiifiies,  accom- 
panied with  heat  5  having  let  the  common  ait  efcapc 
'from  the  bottle,  I  fhall  notv  put  in  the  ground 
'ftopple  and  bent  tube,  ^nd  pafs  the  iend  of  the  tube 
liito  this  bottle  filled  with  watei-  Handing  oil 
ithe  ftielf  of  our  pneumatic  apparatus,  and  you  will 
Toon  fee  it  filled  with  a  fluid,  which,  on  exahiina- 
tion,  you  will  find  to  be  inflamrtiable  ain 

If  you  heat  an  iron  tube,  kept  red-hot  ill  the 
fumacei  the  bent  end  of  the  tube  being  introduced 
bnder  one  of  the  receivers  of  the  pneukiiatic  appa- 
iatus,  and  then  let  water  pifs  through  the  tube  by 
lingle  drops,  an  aerial  fluid  will  be  difengaged; 
which,  on  trial,  you  will  fiAd  to  Be  irtflammablc 
air.  As  this  experiment  has  been  made  by  Mr. 
Lavoifier  irt  the  moft  decifivfe  manner^  and  as  it  is 
the  foundation  of  a  new  theory  in  chemiftry,  I  fhall 
endeavour  to  give  yoii  An  accurate  idea  of  the 
inethod  ufed  by  Mr.  Lavoifier  and  his  afTociates* 
A  gun-barrel  was  taken,  into  which  was  introduced 
a  quantity  of  thick  iron  wire  flattened  by  hammer* 
ing.  The  guh-barrel  and  the  flattened  iron  were 
weighed  with  the  m6ft  fcrupulous  exadtnefs,  after 
Which  the  gun-barrel  Was  covered  with  a  lute,  fot 
the  purpofe  of  fecurirtg  it  from  the  immediate  con- 
tad:  of  the  fiVe.  It  was  then  placed  in  a  furnac^ 
with  fuch  a  degree  of  inclination  that  water  would 
Vun  through  ic.  To  the  higher  extremity  was 
^adapted  a  funnel  to  contain  .water^  which  was 
iuffered  to  efcape  drop  by  drop,  by  means  of  a 
tttdt :  thfe  ftjnncl  was  clofed,  to  pirevcnt  aijy  of  th^ 
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Vitcr  from  evaporating.  To  the  inferior  cxtrc-^ 
Inity  of  this  gun-barrel  was  luted  a  tubelated  re- 
ceiver, to  receive  the  water  which  (hould  efcape 
dccompofitionw  Laftly,  to  the  tube  of  the  receiver 
was  fitted  another  tube^  to  convey  the  inflammable 
air  to  the  pneuiYialic  apparatus. 

As  a  further  ptecautiort,  a  vacuum  was  made 
in  every  part  of  the  apparatus,  in  order  that  the 
inflammable  air  might  not  be  mixed  with  common 
air.      Laftly,   when   all  thefe   preparations   were 
completed,  the  gun-barrel  was  ma4e  red-hot,  an4 
the  water  introduced  drop  by  drop  ;  an  enormous 
quantity  of  inflammable  air  was  difengaged  during 
the  courfe  of  the  experiment;  when  it  was  finifhed, 
the  gun-barrel  was  cleiired  of  it*s  lute,  and  being 
weighed,  was  found  to  hive  acquired  a  confidcrable 
augmentation  of  weight:  this  augmentation  of  weight 
added  to  the  infiammable  air  obtained^  gave  a  total 
very  exaclly  equal  to   that  of  the  water  which  had 
dijappeared.     The  flat  pieces  of  iron  that  had  been 
introduced   into  the  gun-barrel,  and  likewife  the 
interior  part  of  the   gun-barrel  itfelf,  were  coiv 
verted  into  a  thick  fl:ratum  of  black,  calx  of  iron^ 
or  martial  cthiops,  cryfl:allized  likis  the  iron  ore  of 
Elba.      The  cheAiical  analyfis  bf  this  fubft^ncc 
proved,  that  th^   iron   wa$  reduced  cxaftly  to  the 
fame  Itate  as  that  which  had  been  burned  in  vital 
air. 

Mcflrs.  Lavoifiey,  &c.  were  defirous  of  forming 
water  again  with  the  ^ame  inflammable  gas  which 
had  been  obtained.  It  was  burned  in  a  proper 
apparatus,  with  a  quantity  of  vital  air  equal  to  that 
which  had  been  retained  by  the  gun-barrel,  and  the 
fame  quantity  of  water  was  reproduced  with  fuffi- 
cient  exaftnefs;  it  amounted  to  fomewhat  more 
than  fix  ounces.  This  double  experiment  is  coi)- 
lidered^  by  Mr.  Lavoifier,  ?.s  a  clear  proof  of  the 
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j^cflibility  of  decompofing  and  recompofing  water, 
and  of  it's  refolution  into  oxigene  and  hycirp- 
gcne. 

Infbjad,  however,  of  aflTerting  from  hence  that 
water  is  formed  by  the  combination  of  the  two 
gaffes,  it  would  be  more  philofophical,  as  nearer 
the  fall  itjelf^  to  fay,  that  the  water  obtained  in 
this  experiment  arifes  from  the  mutual  decompo- 
lition  of  thefe  two  gaflcs,  of  which  it  probably 
forms  the  ponderable  part. 

Philofophers  are  agreed  in  allowing  thiit  water 
is  the  fenfible  ponderable  produd  of  the  iforcgoing 
experiment;  and  the  qucliion  between  them  is, 
Vhether  this  ^^ate^  is  formed  by  the  union  of  the 
ponderable  bafes  of  ihcfe  'fluids,  or  whether  thefe 
bafes  are  not  water  itfclf,  and  which  is  therefore 
not  produced,  only  liherated,  in  this  experiment. 
By  aflertirig  that  it  is  formed^  the  French  writers 
have  turned  a/^z/7  into  an  hypothefis. 

Nothing  indeed  could  be  more  convenient  for 
the  antiphlogiftic  chemifts,  than  their  iddas  of  the 
composition  of  water ;  for  as  this  fluid  exifts^  more 
or  lefs,  in  almoft  all  bodies,  and  in  almoft  every 
chemical  operation,  and  as  it  is,  according  to  their 
theory,  fuppofed  to  contain  an  wflammable  princi- 
ple, nothing  could  be  more  eafy  to  account  for  all 
the  phenomena  before  imputed  to  phlogijlon,  than 
by  fubftituting  Tor  this  old  inflammable  principle 
the  new  inflammable  principle  of  water.  The  doc- 
trine of  the  cbmpolitioh  and  decompofition  of  water 
^as  accordingly  been  the  univerfal  Edipus  that  un- 
locks all  the  myfteries  of  chemiftry;  the  caufaftne 
qua  non  of  the  French  fchool,  *  a  fchool  in  which 
hypothefes  are  continually  taken  for  granted  as  af- 
certained  truths,  and  in  which  opinions,  that  in  a 
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Keir's  DIdionsuy  of  Cbemiflry,  firft  part,  Pref«,ce,  p.  ^« 
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conjc(flural  fyftcni  are  proper  objeds  of  difcuiSofii 
ire  admitted  as  fadls  and  demonftrated  truths. 

It  has  often  been  objected  to  the  phlogiftic 
theory,  that  phlogifton  was  tnerely  a  being  of  by- 
pothelis,  while  the  French  fchool  boaft  that  their 
theory,  if  it  can  be  fo  called,  is  nothing  but  an 
expojition  of  fa5fs\  You  wHl  find,  on  inyeftigatioil, 
that  their  theory  is  at  leaft  as  full  of  hypothcfis  as 
that  which  they  oppofe;  Thus  their  carbbnne  and 
hydrogene  are  rtot  fubftancfes  which  have  ever  been 
(exhibited  to  bur  fenfcs,  or  inferred  by  any  certain 
indudion. 

Theii*  carboiine  is  fuppofed  to  be  thii  remaining 
J)art  of  charcoal  after  it  has  been  divefled  of  earth 
and  fixed  falts.  It  neverthelefs  is  fuppofed  to  re- 
tain the  peculiar  properties  of  charcoal  in  forming 
fixed  air  when  united  with  vital  air.  But  what 
fad  afcertains  the  exiftence  of  fuch  a  being,  or  it*$ 
poflibility  of  forming  fixed  ail",  when  deprived  of 
kll  it's  earth  k|id  falts  ?  Of  theit  hydrogcrtc  wc  have 
already  fpoken. 

The  great  quantity  of  ihflahitnabie  4ir  pto^ 
duced  in  wartil  climates,  has  made  fonie  conjeduit 
that  it  may  have  a  coniiderable  fhate  in  producing 
certain  atmofphericdl  meteors;  The  weak  light- 
nings,  without  any  explofions  in  the  atmofphcrcj 
are  by  them  cbnjedured  to  proceed  from  inflam- 
mable air  fired  by  eledric  explofions^  M.  Volta 
fuppofes^  that  the  ignesfaiui  are  occafiotied  by  the 
inflammable  air,  which  proceeds  from  marihjr 
grounds ;  but  thefe  phenomena  may  be  better  ac- 
counted for  by  the  adtion  of  the  eieiftric  fluid 
alone. 

This  gas  is  more  common  thart  an^y  bther  of 
the  noxious  airs,  for  there  is  hardly  any  inflamma- 
ble fubftance  from  which  it  may  not  be  extraded^ 
The  fluids^  however^  which  go  by  the  name  of  in- 
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l^ammable  air,  have  often  no  other  property  in 
frommon  but  inflapamability,  and  being  lighter  thaii 
common  air.  T^^e  fmell,  weight,  power  of  burn- 
ing, of  preferving  their  properties,  and  the  phe- 
nomena attending  their  combuftipn,  differ  very 
much,  fomc  burning  in  an  explofivp  planner, 
others  quietly  with  a  lambent  flame. 

There  is  a  diftioiflion  neceflary  to  be  made 
between  an  inflammable  elaftic  fluid,  and  that 
Which  is  made  by  combining  an  inflajnpiable  fyb^ 
fiance  with  common  aif.  Thus,  a  drop  of  ether 
put  into  a  quantity  of  common  air  mixes  itfelf 
'with  it,  and  takes  fire  on  the  approach  of  flame 
like  inflammable  air ;  but  if  waihcd  with  water, 
the  ether  is  immediately  feparated  from  the  airl 
jCommon  air  becomes  ^Ifo  inflammable  by  being 
traii(mitte4  through  feveral  eflential  oils,  and  thus 
air  contiguous  to  the  plant,  called  fraxinclla,  be- 
comes inflammable  in  calm  hot  weather,  by  the 
<miflion  of  it's  inflarnmable  air.  Inflammable  air 
is  often  mixed  with  other  fubftances,  which  it 
jhdds  in  diflToj^tion,  and  which  conftitute  five 
varieties,  vi?:.  hepatic  gas,  phofphpric  gas,  me- 
phitized  inflanunable  gas,  cretaceous  inflamma- 
ble gas.  car|x)nacepus  inflanupable  gas. 

Of  Pure  Jnei^ammable  Air. 

This  air  has  a  very  difagreeable  fmell^  which 
it  even  retains  when  mixed  with  a  large  Quantity 
of  con^mpn  air:  you  remember  when  I  made 
Xbmc  juft  now^  it  ftlled  the  whole  room  with 
ifa  oflEcnJSvc  JTmell,  which  i?  not  even  yet  dit. 
fipatedl 

It  gives,  no  figns  of  acidity,  it  does  not  pre- 
cipitate Ume  from  lime-water,  nor  change  the  co- 
Joujr.of  tiirnfolc;  whea  it  is  very  pure,  you  may 
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^fily  preferve  it  in  bottles  that  are  well  corkeif, 
atnd  that  though  there  fhould  be  wate^-  in  the  bot- 
U€s>  for  it  is  not  foluble  in  water. 

Inflammable  air  is  no?  proper  for  refpiration. 
Birds  fucceflively  placed  in  a  Veflel  filled  there- 
with died,  without  producing  vhe  final  left  percep- 
tible change  in  the  gas  itfelf.  Mr.  Chaptal  found 
that  frogs,  in  forty  inches  of  inflammable  air,  died 
in  the  fpace  of  three  hours  and  a  half,  while  othcn 
lived  fifty-five  hours  in  vital  and  atmofpheric  air; 
when  taken  out  they  were  ftill  alive,  the  air  was 
neither  vitiated  nor  diminilhed.  From  a  variety 
of  experiments,  he  found  that  thefe  animals  have 
the  faculty  of  flopping  their  refpi ration,  vhen 
phced  in  any  noxious  gas,  to  fuch  a  degree,  that 
thpy  only  infpire  once  or  twice,  and  afterwards 
fufpend  every  ftindtion  on  the  part  of  the  relpira-? 
tory  organ. 

This  gas  does  not  appear  to  be  changed  by 
the  human  refpiration,  and  M.  Chaptal  thence  in- 
fers that  it  is  not  refpirable ;  for  if  it  were,  it 
would  fuflfer  a  change  in  the  lungs,  the  objeifl  of 
yefpiration  not  being  confined  merely  to  the  re- 
ception and  emiflion  of  a  fluid.  It's  functions  are 
more  noble,  more  interelling,  and  more  intimate^ 
ly  connedted  with  the  animal  ceconomy.  We  Ihould 
confider  them  as  an  organ  nouriftied  by  the  air, 
digefting  that  part  which  is  prefented  to  it,  re- 
taining the  beneficial,  and  rejecting  the  noxigua 
part.  Inflammable  air  may,  mdeed,  be  refpircd 
fcveral  fucceffive  times  without  danger  to  the  in- 
dividual, or  without  any  change  ot  alteration  in 
itfelf:  we  may  conclude  from  thence,  that  inflam- 
xnable  air  is  not  poifon ;  but  we  cannot  infer  from 
thence,  that  it  is  proper  for  refpiration. 

Inflammable  air  is  rtot  combuftible  alone,  it 
docs  not  inflame  without  the  concurrence  of  vital 
air     I  fl^sJl  ^^^^  ^^^^  veffel^  which  is  filled  witlj 
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inflamnnable  air,  from  our  pneumatic   apparatus^, 
placing  my  thumb  on  the  mouth  thereof  to  pre-t 
vent   the  air  from  efcaping;  I    Ihall  prefent   the 
mouth  to  the  flame  of  this  candle,  which  imme- 
diately   inflames  the  air  at  the  furface,  and   the 
flame  gracJuaUy,defcends  lower  and  lower  to  about 
the  middle  pf  the  bottle;  but  it  byrns  only  whilt; 
in  contact  with  the  air;  for  the  moment  I  clofc 
the  bottle  the  flame  goes  out.     Here  is  another 
bottle  filled  with  this  air,  I  prefent  a  lighted  ta- 
per thereto,  apd  the  furface  is  inflamed ;  I  plunge 
It  lower,  and  it  is  immediately  extinguiftied.    Even 
the  rnoft  inflammable  bodies,  fuch  as  phofphorus,, 
Aq  hot  burn  in  an.atmofphere  of  inflammable  air. 
It^s  inflammation  is,  however,  more  rapid  in  pro-r 
portipn  to  the  furface  expofed  to  the  air. 

Here  is  a  fmall  piftol,  in  which  I  (hall  mix 
inflammable  and  common  air,  then  flop  the  mouth 
with  a  cork,  and  fire  thie  air  by  a  fpa^-k  from  our 
cleArical  machine.  You  pbferved  how  loud  the 
npife  of  the  explplion,  and  you  fee  with  what  force 
it  Jias  cjnven  out  the  cork.  It  muft:  needs  appear 
Angular  to  vou  to  fee  a  piftol  charged  and  ei^plpded 
by  the  combuftion  of  an  inyifible  fubftance. 

The  neck  pf  this  bladder  is  tied  to  a  metal 
pipe,  the  bladder  is  filled  with  inflammable,  air; 
I  iliall  inflame  the  air  by  applying  the  flame  of  a 
ca'ndle  to  the  extremity  .of  the  pipe,  fqucezing  at 
the  fapie  time  the  bladder ;  ;hus  a  b^aytiful  ftream 
of  fire  is  fprme4  in  the  air^  which  will  laft  a$  long 
as  I  force  out  the,  inflammable  air.  Yqh  jpuft  be 
careful,'  in  repeating  this  experiment^  to  keep 
continually  pre(fing.  the  bladder,   tp  prevent  the 

y  which  that  with- 
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noife,  by  filling  the  bladder  with  this  air,  and  fopq- 
ing  the  air  through  tubes  bent  in  various  direc- 
tions, furnilhed  with  ftop-cocki,  ancj  pierced  witfi 
3  great  number  of  holes }  the  air  is  forced  througli 
ihefe  holes  by  preffing  the  bladders,  and  Is  Inflam- 
ed by  a  taper,  and  continues  to  burn  as  long  as 
you  prefs  the  bladders,  or  till  you  turn  the  ftop- 
cocks.     Mr.  Dillier  exhibited  fomc  ve^y  beauti- 
ful fireworks  of  this  kind,  at  lx>ndon,  of  difFerenp 
figures  and    colours.     The  colour  varying  "^  with 
the  mixture,  one  third  of  the  air  of  the  lungs  mixed 
with  the  inflammable  aif  of  pit-coal,  gives  a  blue 
coloured  flaijiic ;  inflammable  mixed  with  nitrous 
air,  aflfords  a  green  colour;  the  vapour  pf  ether 
affords  a  white  flame. 

Inflammable  air  is  lighter  than  copimon  air; 
a  tubic  foot  of  atmofphcric  air  weighs  720  grains, 
a  cubic  fppt  of  inflammable  air  72  grains.  The 
barometer  ]being  at  23.3,^ and  the  thermometer 
at  6b, '  the  weight  of  this  air,  td  that  'of  com- 
mon air,  was  fduijd  as  84  to  1000 ;  confequently 
it**is  about  twelve  times  as  light.  It's  fpecific 
giiivity  varies '  very  much,  becaufe  it  is  difficult 
to  obtain  it  conltantjy  of  the  fame  degree  of  pu- 
riify.  The  theory  of  balloons,  or  aeroftatic  ma- 
chihes,  is  founded  on  the  Jevity  of  inflammable 
aif.  It  is  lufficierit  that  the  height  of  the  balloon 
itfdf,  and  the  air  it  inclofes,  Jhpuld  be  lighter 
thftW  an  equal  bulk  of  common  air,  and  it  muft 
^ife  till  it*s  weight  is  in  cquilibrio  with  ^n  equal 
>plunAtof  thefunxiundingm^  '  *   '/     *    * 

pF   HfiPAtlC  ^IK^ 

iTAoptMMAc  ^ir  poflefles  j:h.c  p/opcity  of  di£*  . 
Solving  fulphur,  in  whiclj  cafe  it  contra(3;s  a  vciy 
foKid Tmell,  and  forms  hepatic  ;^ir. 

Mf/  Gcngembri^  jput  fulphiip  into'  |»vj2 
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^eflcls  filled  with  inflammable  air,  and  diiTolved 
it  by   means  of  a  burning-glafs,  and  found  it  pof- 
lefled  all  the  diftinc9:ive  characters  of  hepatic  air* 
It  is  generally  obtained  from  liver  of  fulphur,  or 
Tolid  heparSj  decompofed  by  means  of  acids  in  the 
pneumatic    apparatus;    it  is   extricated    in   vaft 
quantities,  by  pouring  marine  acid  on  hepar  ful- 
phuris.   If  inflammable  air  be  pafled  through  melt- 
ed fulphur,  it  is  converted  into  hepatic  air.     The 
formation  of  this  gas   is  generally  effected  by  a 
decompofition  of  water.     In  fadl,  livers  of  ful- 
phur do  not  emit  any  difagreeable  fmell  while  they 
are  dry;  but  the  moment  they  are  moiftcned,  an 
abominable  fmell  is  perceived,  and  vitriolated  tar- 
tar begins  to  be  formed.      Thefe  phenomena  Ihew 
that  the  water  is  decompofed;   that  the  inflam- 
mable air  unites  to  the  fulphur,  and  together  with 
fire  volatilizes  it,  while  the  vital  air  unites  with 
the  alkali,  and  forms  a  more  fixed  produd:* 

It  is  not  fit  for  refpiration,  and  turns  the 
fyrup  of  violets  green.  If  pure  air  be  mixed  with 
it,  the  oxigenc  thereof  combines  with  the  hydro- 
gene,  and  precipitates  the  fulphur ;  for  the  fame 
reafon  it  is  decompofed  by  the  fmoking  the  ful- 
phureous  acid. 

It  takes  fire  by  the  contaft  of  inflamed  bo-* 
dies,  or  by  the  eleftric  fpark,  and  burns  with  a 
reddifh  blue  flame,  depofiting  fulphur  at  the  fame 
time  on  the  fides  of  the  veflel.  It  detonates  when 
fct  on  fire  in  vital  air ;  it  is  very  foluble  in  water, 
which  it  converts  into  a  ftate  perfeftly  refembling 
that  of  the  fulphureous  mineral  fprings  ;  it  is  pro- 
bable, therefore,  that  it  is  this  gas  which  im- 
pregnates fulphureous  water ;  it's  great  attracflion 
for  feme  metals,  and  their  calces,  makes  it  the 
bafes  of  fome  fympathetic  inks.  It's  fpecific  gra- 
vity, compared  to  that  of  atmofpheric  air,  is  as 
1 106  to  iooo« 
Vol.  I.  K  k  Phos- 
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Phosphoric  Air. 

This  is  inflammable  air,  in  which  phoipho- 
rus  has  been  diflToived.  It  was  obtained  by  Mn 
Oengembre,  by  boiling  a  foiution  of  cauftic  vege- 
table alkali,  with  half  it's  weight  of  phofphorus, 
and  receiving  the  elaftic  fluid,  which  was  difcn- 
gaged  under  glafs  veflels  filled  with  mercury.  It 
cannot  be  colleded  in  water,  being  very  fbluble 
therein.  It  has  a  very  foetid  fmell,  and  is  unfit 
for  refpiration. 

It  takes  fire  Jpontaneoujly  by  the  contaft  of 
air,  accompanied  with  an  explofion,  which  may 
prove  dangerous,  if  you  pi'efent  too  large  a  quan- 
tity of  air  at  once.  When  vital  air  is  mixed  with 
this  gas,  it  burns  with  great  rapidity,  producing 
a.  great  degree  of  heat,  which  dilates  the  receivers 
fo  much,  that  they  are  fometimes  ihattercd  to 
pieces.  As  this  phofphorus  takes  fire  on  contad 
with  the  air,  it  communicates  it*s  combuftion  to 
the  inflammable  air. 

It  is  probably  to  a  difengagement  of  a  gas  of 
this  kind,  that  we  may  attribute  the  igncs  fatui, 
which  play  about  burying  grounds,  and  in  general 
all  places  where  aninials  are  buried  and  putrify.  It 
is  to  a  fimilar  gas  that  we  may  refer  the  inflamma- 
ble air,  which  conftantly  burns  in  certain  places, 
and  upon  the  furface  of  certain  cold  fprings. 

Inflammable  Carbonic  Gas. 

It  is  now  fuppofcd,  that  charcoal,  though  fixed 
in  clofcd  veflels,  and  in  our  oi^inary  fires,  con- 
tains a  carbonaceous  principle,  denominated  by 
the  French  writers  carbonne,  which  may  be  re- 
duced into  vapours  by  a  great  degree  of  heat ;  and 
that  it  is  foluble  by  aeriform  fluids,  more  particu- 
larly 
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larly  by  inflammable  air,  which  often  combines 
"W'lth  it  when  afTuming  the  aerial  ftate. 

This  air  is  difengaged,  when  call  iron  or 
ftcel  is  diflblved  in  fpirit  of  vitriol.  Charcoal 
may  be  diflblved  in  this  gas  by  a  burning-glafs,^ 
ivhen  the  gas  is  in  the  mercurial  part  of  the 
pneumatic  apparatus;  though  this  modifies  iV^ 
efFedlsi  and  alters  the  refults  of  it's  cdmbina- 
tions;  it  burns  with  a  blue  flame,  throwing  out 
-white  or  reddifh  fparkles.. 

Mr.  Berthollet  fufpeds,  that  a  mixed  gas 
formed  by  a  folution  of  charcoal  in  mephitis,  is 
the  colouring  matter  of  the  PruJJian  blue. 

Cretaceous  Inflammable  Air. 

This  is  the  mixture  of  inflammable  and  fixed' 
air,  but  without  combination.  It  is  obtained 
by  diftillation  from  many  vegetable  matters, 
from  tartar,  from  all  the  tartarous  falts,  from' 
hard  wo«ds,  or  charcoal,  which  is  burned,  by  the 
aflift:anc'e  of.  water,  from  pitcoal,  &c.  It  burns 
with  difficulty;  but  though  three-fourths  of  it's 
bulk  be  formed  of  fixed  air,  it  ftill  remains  com- 
buftible. 

The  inflammable  may  be  feparated  from. the 
fixed  air,  by  means  of  lime-water,  or         '^'      ' 
kali,  with  which  the  fixed  air  combines. 

Inflammable  Air  from  Majish 

This  is  inflammable  air  mixed  with 
Cated  air.  It  is  produced  by  the  putrifaAic 
vegetables,  and  of  almofl:  all  animal  fubf 
is  difengaged  from  ft:anding  waters,  and 
where  animals  putrify  in  water.  It  ace 
precedes,  or  follows  the  formation  of 
Kk  2 
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tile  alkali^  which  takes  place  in  putrifaQion*  It 
is  a  fimple  mixture  without  combination.  It  bums 
with  a  bhie  flame;  it  detonates,  but  with  diffi- 
culty, in  vital  air.  After  detonation,  in  Mr. 
Volta's  Eudiometer,  fome  drops  of  water  arc 
found,  and  a  relidue  of  phlogifticated  air^  more 
or  lefs  pure. 

Muriatic  Acid  Gas. 

This  air  is  not  found  exifting,  or  ready  form- 
ed in  nature  ;  but  is  an  artificial  produdtion ;  it  is 
obtained  by  heating  fpirit  of  fait,  or  liquid  muria- 
tic acid  in  a  retbrt,  whofe  neck  is  plunged  beneath 
a  veflel  filled  with  mercury.  It  may  be  produced 
in  the  fame  apparatus  by  heating  a  mixture  of 
common  fait  and  oil  of  vitrioL  It  cannot  be  col- 
lected in  water,  as  it  is  quickly  abforbed  thereby. 
It  feems  to  be  nothing  more  than  the  muriatic  acid* 
deprived  of  part  of  it's  water^  and  combined  with 
fo  much  fire,  as  will  make  it  afliime  an  elaftic  aeri* 
form  ftate. 

This' air  has  a  ftrong  penetrating  fmell,  being 
the  muriatic  acid ;  it  gives  the  fame  figns  of  aci- 
dity, and  reddens  blue  vegetable  colours  ;  but  does 
not  deftroy  them  like  oxygenated  muriatic  acid. 
It  abforbs  the  vapours  of  water*  which  float  in  the 
air,  and  forms  with  them  a  white  fume.  It  melts 
ice  with  great  rapidity,  on  account  of  the  great 
heat  feparated  from  it  on  it's  combination  with 
water.  It  is  abforbed  by  charcoal  and  by  fpongc, 
unites  with  all  alkaline  bafes*  and  form^  muriatic 
falts.  It  diflblves  camphor.  It  is  deftruclivcof 
animal  life.  On  dipping  a  candle  into  this  air,  the 
flame  is  cxtinguiflicd ;  but  the  moment  before  it 
goes  out,  and  when  it  is  firft  lighted  again,  it  burns 
with  a  green  or  light  blue  flame.     This  gas  is  con- 
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iiderably  heavier  than  common  air,  in  the  propor- 
tion of  5  to  3  ;  a  cubic  inch  weighs  0.654  grains: 
it  does  not  ad:  on  metals^ 

Oxygenated^  or  dephlogijiicated  muriatic  gas 
is  obtained  with  great  facility  during  the  mutual 
adlion  of  the  native  calx  of  mangancfe,  and  the 
muriatic  acid. 

It  is  confidered  by  fome  as  the  marine  acid 
•deprived  of  phlogifton  ;  by  others,  as  the  marine 
acid  combined  with  vital  air. 

It  is  of  a  yellowifh  green  colour,  of  a  ftrong 
penetrating  fmell,  and  quickly  deftroys  animal 
iife. 

It  decompofes  volatile  alkali,  which  may 
therefore  be  ufed  as  a  prefervative  againft  it's  noxi- 
ous efFedts,  feparating  the  phlogifticated  air  from 
the  alkali  in  proportion  as  it's  own  vital  air  unites 
-with  the  inflammable  gas  of  the  volatile  alkali,  with 
which  it  forms  water.  It  thickens  fat  oils,  cal- 
cines metals,  and  is  abforbed  by  water,  to  which 
it  communicates  all  thefe  properties.  It  will  fup- 
port  flame,  but  is  fatal  to  animal  life. 

It  is  gradually  decompofed  by  the  contadl  of 
light,  and  reduced  to  the  ftate  of  pure  muriatic 
acid. 

It  is  one  of  the  moft  Angular  difcoveries  of. 
modern  chemiftry. 

It  is  abforbed  almoft  as  readily  as  fix«d  air  by 
water,  but  may  be  eafily  expelled  again  by  heat, 
and  received  in  veflTels  containing  mercury ;  but  the 
air  thus  expelled,  does  not  readily  again  incorporate 
with  water :  the  elecflric  fpark  renders  it  wholly 
immifcible  with  water. 

It  deftroys  all  vegetable  colours.     It  does  not, 

like  acids,  redden  litmus  and  fyrup  of  violets,  but 

renders  them  white,  and  has  the  fame  efl^ed  on  dyes. 

It  bleaches  yellow  wax.  On  account  of  this  whiten- 
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ing  quality,  it  has  been  applied  fuccc&bdij  tsD 
lleacbing  of  linen,  in  cafes  where  expedition  isprc- 
ferred  to  oeconomy. 

It  does  not,  however,  affeft  all  vegetable 
colours  in  the  fame  manner  and  degree.  The  co- 
louring matter  of  brazil  wood,  and  fome  green  parts 
of  plants,  retain  a  yellow  tint.  The  leaves  of 
fver-'greens  long  refill  it's  aAion,  and  at  laft  only 
acquire  the  yellow  colour  which  they  receive  by  a 
long  expofure  to  the  air. 

Inflammable  fubftances  reduce  it  to  the  ftate 
pf  common  muriatic  acid. 

Sulphureous   Acid  Air,    or   Vitriolic   Acid 

Air. 

J  This  is  the  producfl  of  art.  It  is  formed -when- 
ever a  combuftible  body  takes  away  a  part  of  the 
vital  air,  which  is  united  to  fulphur  in  the  vitriolic 
acid.  It  is  alfo  formed  when  fulphur,  burning 
flowly,  abforbs  but  a  fmall  quantity  of  vital  air 
from  atmofpheric  air. 

To  procure  vitriolic  acid  air,  ftrong  concen-? 
trated  vitriolic  acid  is  to  be  put  into  the  ufual 
bottle  with  any  proper  fubftance ;  olive  oil  anfwen 
the  purpofe  very  well ;  there  fliould  be  about  three 
or  four  times  as  much  oil  of  vitriol  as  fweet  oil, 
—  J  ^-^h  together  Ihould  fill  about  one  third  or 
bottle,  A  gentle  degree  of  Jieat  is  ne- 
>   make  thefe  materials  yield  the  elaftic 

very  foluble  in  water,  and  deftroys  many 
colours,  fo  that  it's  oxigene  muft  be 
ally  or  nearly  difengaged. 
:n  united  with  alkaline  bafes,  it  forms 
ilts,  different  both  in  figure  and  tafte 
"e  which  arc  formed  by  the  vitriolic  acid, 
;:ularly  in  this^  that  they  may  be  decom- 
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poied  by  more  feeble  acids.    It  melts  ice  with  great 
rapidity. 

It  is  heavier  than  common  air,  extinguilhes 
coxnlDufiion^  and  deftroys  animal  life. 

If  this  air  be  mixed  with  alkaline  air^  it  formes 

a  V>eautifui  white  cloud,  which  becomes  condenfed, 

and  is  found  to  be  vitriolic  ammoniac :  at  the  fame 

time  a  yellow  fubftance  is  feparated,  which  feems 

to  be  fulphur.     Water  impregnated  with  this  air, 

may  be  frozen'without  parting  with  the  air,  and 

if  iuch  water  be  inclofed  in  a  glafs  hermetically 

fealed,  and  be  then  expofed  to  heat  for  feveral  days, 

it  dcpofits  fulphur. 

It  is  heavielt  of  all  aerial  fluids,  excqpt  fluor 
acidair^  being  to  common  air  ast2265  to  loooi 

'  Fluor  Acid  Gas. 

If  pure  fluor,  or  fpar,  that  fpecie^  of  &b- 
ftance  which  is  called  the  Derbylhire  fpar,  and  of 
which  you  have  feen  fo  many  ornaments  for  chinu 
ni^  made,  be  placed  in  a  retort  of  lead,  with  a 
receiver  of  the  fame  metal  adapted,  and  vitrioik! 
acid  be  then  poured  upon  it,  the  acid  of  fpar  will 
be  difengaged  in  an  aerial  form,  by  the  application 
of  a  very  gentle  heat.  The  fluor  acid  air  is  at  firft 
produced  without  heat ;  but  in  a  (hort  time  it  will 
be  neceflary  to  apply  tHe  flame  of  a  candle  to  the 
bottle,  by  which  means  a  confiderable  quantity  of 
this  elafl:ic  fluid  is  obtained.  This  air  readily 
combines  with  water,  and  therefore  when  expe^ 
riments  are  to  be  made  with  it  in  an  elaftic  ftate; 
it  mufl:  be  received  over  mercury. 

The  diftinguiftiing  property  of  this  acid  is 
that  of  difli^^^  iiliceous  earth.  The  firft  ex-^ 
periments  m^^Huth  it  were  in  glafs  veflels ;  and 
It  was  obfen^^^^kan  earthy  matter  was  depofltcd 
at  the  infl:ai^^Q^Kame  in  contad:  with  the  wa* 
ter  in  the  x^^f^^^his  was  found  upon  exa^ 
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Jig  quality,   it 
\leacbing  of  line v 
■erred  to  oeconoi 

It  does  noi 
X)Iours  in  the  fai 
ouring  matter  of 
if  plants,  retain 
ver-greens  long 
xrquire  the  yello^ 
ongexpofureto  ^         .,,^^^ 

Inflammable  '.-.    .     -^v^    ^;»«>n 

if  common  muria  l  /^  t^  \j.*  ; 

!ui,PHUREOUS    At  ^     .        -  •.  ,.        ««: 

- .       ■•■-■•   .,    Ve  1 

^     This  isthcpr.  o"  '[  nt.-y      ?<" 

rvcra  combuftible  *  '-,  ,,  ;»'''-^-^:ii!* 

^ital  air,  which  is  u  f'/f      '''  ^  »    , 

icid.       It  is  alfo  fc  '"rf^r^^     '"^-^^.J 

lowly,  abforbs  but  ^-^7^r^  ' 

Tom  atmofpheric  air.  '""''^n  v  C'  ^hioK 

To  procure  vitrio  ''"♦ /»/r,       "^^^iJc  ^Ifc 

Tated  vitriolic  acid  is  /^z/,  *^ 

jottle  with  any  proper  fu  /'''''»^i.V         ^''Jcn 

;he  purpofe  very  well ;   th^  /""//.     //' ,'?^fbrb*  - 

>r  four  times  as  much  oii  *  /^"  ,  '^^iv'c*  ' 

nd  both  together  Ihould   jf^  I'hc  t- 

lalf  the  bottle,     A  gentle    ^-       '  "'"'Ho.,  ^  '^^^O'^o  <>,,_ 
eflary  to  make  thefe  matcr-'*  /»,'  ^C''''   <*  ^v^g^ 

uid.  ^     ''"'•v\v>'-'':*'*"^*-    -^r-~~ 

It  h  very  folubie  in  wat^O  V,    "       \*  s    *-  '«^=?^r>^'^- ^~' 
;getable  colours,  fo  that  it's     f^'     '  ' 
thtrtotzWy  or  nearly  dikncr^eeCf' J'.  " 

^^^"    united  With  9;^^/,^^      >^' 


utral  raits,  di/Terent  both  Sn^O^^'.  fel 

;ni  thore  which  are  /bi^  J  ,^^   ^^'^S  I 

I  particular/;^  in  this,  th^^^  '%^y        ^  ^ 
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rDlSSBRTATTO^J    ON    PHLOGISTON^ 

^GLiB,  A  German  Chemist. 

)n    to    the    French   theory   Mr. 

re  exifts  in  combuftible  bodies^ 

_--:ich  arc  not  fo,  a  certain  inflam^ 

.    ^  which  is  feparated  when  they  arc 

_  ^    tnd  that  metals^  by  means  of  fire, 

2^  calx. 

..^iciple  may  be  collefted  during  the 
^j^,."  ^efe  bodies,  and  is  found  in  a  ftatc 
^:he  form  of  gas. 
', is  much  lighter  than  any  known 

ZJ^  bodies  that  are   combined  with 

^ofe  part  of  their  fpeci fie  gravity, 

^  .  portion  to  the  quantity  of  phio- 

with  them ;  but  increafe  in  weight 

_^  *d  thereof. 

''Jnciple  has   a  great  affinity  with 

,    "  '    *     — "^mixture  is  fufceptible  of  a  very 

^^  ^ion,  and  changes  into  phlogifti. 

f^^     '"     '  ^.      '^mbined  with  water  and  fire  (the 
f/^^  *        ^  - — "^   *it  forms  inflammable  air. 

7       '      '  trjrtr  ^^^^  phofphoric   acid,    it  forms 
'''O^f//''  ^  i^^r'/  ^^^^  ^^^  vitriolic  acid  fulphur. 
v/./,*  i. ,  a.  rr3  I  J3  compofed  of  this  inflammable 

^///..  ';  ^'''^■^'' -^ fixed  air,  with  which  faline  and 

^:'\-n,,\  ^ituent  parts  of. 

^lofil,  he  principle  of 

^  )f  pure  fire. 

f  the  conftitu* 
exhibit  it  as  a 
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mination  to  be  liliceous  earth.  It  has  been  found 
by  fubfequent  experiments^  that  this  acid  corrodes 
glafs.  It  has  therefore  beenufed  to  make  etchings 
upon  glafs  in  the  fame  manner  as  the  nitrous  acid 
has  been  long  applied  to  copper. 

Alkaline  Acid  Gas. 

This  air  was  produced  at  firft  by  Dr.  Pricft- 
ley  from  common  fpirit  of  fal  ammoniac^  with 
quick-lime.  This  air,  when  pure,  is  inftantly  fa- 
tal to  animal  life,  and  extinguiflies  flame :  juft 
however  before  the  flame  of  a  candle  goes  out,  it 
is  enlarged  by  the  addition  of  another  flame,  of  a 
pale  yellow  colour.  The  eledtric  fpark  taken 
therein,  appears  of  a  red  colour,  and  by  degrees 
changes  it  into  inflamnuible  air. 

On  confining  fome  water,  impregnated  with 
alkaline  air,  to  a  ftrong  heat  for  fome  days,  a 
"white  fediment,  or  cruft,  was  formed  on  the 
furface. 

Copper,  which  is  fo  eafily  corroded  by  the 
common  volatile  alkalies,  is  not  corroded  at  all  by 
this  air. 

Bits  of  linen,  charcoal,  and  fponge,  admit-* 
ted  into  it,  abforb  it,  and  acquire  a  very  pungent 
fmell.  It  diiTolves  ice  almoll  as  readily  as  an  hot 
fire. 

The  fpecific  gravity  of  this  air  is  to  that  of 
common  air,  as  600  to  1000. 

Dr.  Prieftley  procured  it  by  mixing  one  part 
of  pounded  fal  anunoniac  with  three  parts  of  (lack 
lime.  When  changed  into  inflammable  air,  it  has 
been  conjedured,  that  the  change  is  occafioned  by 
beat  alone,  without  the  concurrence  of  light. 
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Abstract  of  a  Dissertation  on  Phlogiston^ 
jby  Mr.  Wieglib,  a  German  Chemist. 

In  oppolition  to  the  French  theory  Mr. 
Wieglib  aflerts, 

1.  That  there  exifts  in  combuftible  bodies^ 
and  in  many  which  are  not  fo,  a  certain  inflam- 
mable principle,  which  is  feparated  when  they  arc 
in  combuftion ;  and  that  metals,  by  means  of  fire, 
are  reduced  to  a  calx. 

2.  This  principle  may  be  collefted  during  the 
combuftion  of  thefe  bodies,  and  is  found  in  a  ftatc 
nearly  fimple  in  the  form  of  gas. 

3.  That  it  is  much  lighter  than  any  known 
matter. 

4.  That  all  bodies  that  are  combined  with 
this  principle,  lofe  part  of  their  fpecific  gravity, 
and  that  in  proportion  to  the  quantity  of  phlo- 
gifton  combined  with  them ;  but  increafe  in  weight 
by  being  deprived  thereof. 

5.  This  principle  has  a  great  affinity  with 
vital  air ;  their  mixture  is  fufceptible  of  a  very 
great  condenfation,  and  changes  into  phlogifti. 
cated  air. 

6.  That  combined  with  water  and  fire  (the 
matter  of  fire),  it  forms  inflammable  air. 

7.  United  with  phofphoric  acid,  it  forms 
phofphorus,  and  with  the  vitriolic  acid  fulphur. 

8.  Charcoal  is  compofed  of  this  inflammable 
principle,  and  fixed  air,  with  which  faline  and 
earthy  particles  are  mixed. 

9.  We  are  ignorant  of  the  conftituent  parts  o^ 
vital  air ;  perhaps  it  is  compofed  of  the  principle  of 
the  pureft  water,  and  of  the  matter  of  pure  fire. 

10.  We  are  equally  ignorant  of  the  conftitu- 
ent parts  of  fixed  air ;  we  can  only  exhibit  it  as  a 
compound, 

1.0/ 
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1.  Of  the  exiftence  of  an  ihflammabie  principle. 

It  is  impoflible  to  deny  the  exiftence  of  an 
inflammable  principle  in  many  bodies,  unkfs  the 
mind  be  led  alide  by  the  force  of  prejudice.  The 
mofi  ancient  chemifts  were  fenfible  thereof ;  Geber 
d^fcribes  it  under  the  name  of  materiam  fugiiivam 
et infiammabilem^autfulphureitatem  adurenttm, eva- 
porating from  metals  during  calcination.  The 
chemifts  of  the  middle  age  acknowledge  it  under 
the  name  of  fulphur :  Becker  and  Stabl  rejeded 
this  denomination,  and  made  ufe  of  the  terms  />- 
flammable  principle  or  pblagijlon ;  they  did  not 
adopt  it  on  mere  hear-fay ;  their  own  experience 
taught  them,  that  by  fridtion  alone  you  might 
difengage  from  feveral  metals,  chiefly  copper,  lead, 
tin,  and  iron,  a  certain  odour  which  becamte  more 
fenftble  when  the  metals  were  melted^  or  during 
calcination,  but  which  is  ftiU  ftrongcr  when  they 
are  diflblved  in  acids. 

The  odour  which  efcaped  durti^  thefe  opera- 
tions intimated  the  prefence  of  this  principle ;  and 
this  fuppofition  obtained  more  probability  on  ex- 
amining the  metallic  calces,  or  the  precipitates 
obtained  by  difiblutions,  which  are  found  to  be 
deprived  of  the  brilliancy  peculiar  to  the  n\etals, 
as.  well  as  of  the  above-mentioned  odour.  The 
abfence  of  thefe  properties  naturally  conduded 
them  to  this  conclufion,  that  during  the  cal- 
cination or  diflblution  of  the  bodies,  a  certain 
principle  efcaped,  which  was  the  origin. of  the 
imell,  and  which  communicated  to  metals  their 
brilliancy  and  dudtility.  The  heat  and  light  dif- 
fufed  by  a  lighted  candle,  or  coals  in  combuf- 
ti(in,  properties  poflefled  by  many  other  bodies,  as 
pil,  greafe,  tallow,  pitch,  wax,  fulphur,  phof-* 
4  pfaoruS| 


Digitized  byCjOOQlC 


^ATUHE  AND  PrOPERTIESOF  ElASTIC  FlUIDS.  5O7 

phorus^  wood,'ftraw,  &c.  condud  us  to  thefainc 
idea^  i.  c.  that  there  exifts  in  bodies  an  inflanb- 
mable  principle,  on  which  their  combuftible  pro- 
perties depend. 

But  the  truth  of  what  is  here  only  deduced 
from  phenomena,  is  evidently  proved  by  the  re- 
du<5lion  of  metallic  calces  to  perfecft  metajs,  hj 
reftoring  to  thefe  calces,  the  infiammalle  principle 
that  they  had  loft  by  calcination. 

The  modern  chemifts  have  ftiewn  us  how  to 
feparate  this  principle  from  diiferent  bodies,  under 
the  form  ^f  inflammable  air;  with  this  diflfercncc, 
however,  that  in  the  inflammable  air  there  is  alfo 
water  combined  with  fire. 

The  prefence  of  this  fubftance  in  inflammable 
air  is  proved  by  the  properties  and  effe(fts  it  pro- 
duces, which  are  the  fame  as  thofe  by  which  inflam- 
mable air  is  diftinguiflied.  Dr.  Prieftley  obtained 
inflammable  air  by  expofing  i&inc  and  iron  to  a 
violent  fire ;  the  fame  refult  is  found  from  the 
folution  of  thefe  metals  in  the  vitriolic  and  muri- 
atic acid,  and  by  expofing  to  the  focus  of  a  burn- 
ing-glafs  pure  fteel  filings,  contained  in  a  velTel 
filled  with  mercury. 

It  is  importible  in  thefe  experiments  to  mif- 
take  the  inflammable  matter  in  the  form  of  in- 
flammable air.  A  phenomenon  obferved  by  Dr. 
Prieftley  ftiould  be  noticed  here  :  a  kind  of  explo- 
fion  he  obferved,  while  the  iron  filings  were  heat- 
ing, and  which  caufed  a  portion  of  the  filings  to 
leap  about.  From  this  experiment  we  may  con- 
clude, that  an  aeriform  fubftance  is  difengaged  from 
fire  by  heat,  proving  at  the  fame  time  how  fmall 
a  foundation  there  is  for  that  theory,  which  con- 
fidcrs  the  metals  as  fimple  fubftanccs.  After  what 
has  been  faid,  there  is  little  necellity  for  proving 
that  charcoal  contains  phlogifton.  If  the  calci- 
nation of  metals  depends  on  a  privation  of  this 
inflammable  principle,  their  redudion  or  return 
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to  their  former  ftate,  Ihould  naturally  take  place 
when  this  principle  is  reftored.  But  this  reduc- 
tion  does  not  take  place,  unlefs  the  metallic  calces 
are  expofed  to  the  adlion  of  charcoal,  or  Ibmc 
other  inflammable  fubftance.  Thefe  fubflanccs 
muft  ncceflarily  therefore  contain  the  principle 
that  co-operates  to  the  redu<5tion  of  meuls.  Befides, 
M'c  may  further  appeal  to  the  inflammable  nature 
of  charcoal,  which  is  fo  well  known  to  every  one. 
The  nature  of  charcoal,  it's  exiftence  as  an  ori- 
ginal fimple  principle,  forms  an  eflfcntial  link  in 
the  French  chemiflry,  without  which  it  cannot  be 
fupported.  Though  enough  might  be  deduced 
againfl:  this  notion,  from  what  has  been  here  faid ; 
I  ihall  take  occaflon  to  notice  it  again  in  the  courfe 
of  this  dilfertation. 

2.  Separation   of  the   inflammable   principle. 

Though  every  one  acknowledges,  that  inflam- 
mable air  may  be  feparated  from  all  inflamnuble 
fubfl:ances,  ftill  it  is  elTential  to  prove,  that  air, 
known  by  the  name  of  inflammable  air,  poflelTcs 
the  fame  properties  that  are  attributed  to  the 
inflammable  principle  of  certain  bodies.  Now 
every  one  knows,  that  nitre  explodes  only  with 
inflammable  fubftances,  that  is,  that  contain  phlo- 
gifton  :*  this  has  been  fully  proved  by  Mr.  Achard 
and  others. 

Mr.  Achard  conveyed  fome  inflammable  air 
obtained  from  a  mixture  of  iron,  and  the  vitriolic 
acid,  into  melted  nitre,  and  a  very  confiderable 
cxplofion  took  place  ;  and  excepting  a  fmall  por- 
tion of  alkali,  all  the  remaining  nitre  was  decom- 
pofed.  Meifrs,  Macquer.and  Montigny  have  alfo 
obfcrved,  that  metallic  calces  might  be  revivified 
as  well  by  inflammable  air,  as  by  powdered  char- 
coal. Mr.  Pelletier,  in  pafling  inflammable  air 
through  fome  arfenical  acid  diflblved  in  two  parts 
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of  water,  obtained  thereby  an  acid  in  a  metallic 
form,   which   feparated    itfelf  from   this   liquor. 
All  chemifts  know,  that  copper  diflblved  in  the 
Vitriolic  or  muriatic,  but  principally  in  the  nitrous 
aeid,  is  found  abfolutely  in  a  ftate  of  calx.     It  is 
alfo  known,  that  while  the  vitriolic   or  muriatic 
acids  attack  the    iron,    inflammable   air  is   dif- 
engaged ;  but  if  the  nitrous  acid  is  ufed,  nitrous 
air  alone  is  produced.     By  expofing,  to  eithtr  of 
the  three  diflblutions  of  copper,  apiece  of  polilhed 
iron,  the  copper  is  immediately  feparated  there- 
from, and  recovers  it's  metallic  brilliancy:  during 
this  experiment,   no  inflammable  nor  nitrous  air 
is  difengaged,  although  the  acids  have   certainly 
attacked  the  metal.     It  may  be  alked,  what  is  be- 
come of  the  inflammable  principle  of  thefe  airs. 
We  anfwer,  that  it  is  united  to  the  calx  of  the 
copper ;  for  by  what  other  means  could  the  copper 
have  re-acquired  the  inflammable  principle  it  had 
lofl:,  but  from  the  inflammable  principle  of  the 
iron,  which  abandons  the  laft  metal  to  attach  itfelf 
to  the  copper. 

3.  Negative  weight  of  the  inflammable  principle. 
The  imponderability  of  this  principle  may  be 

confidered  as  a  kind  of  axiom,  for  no  one  has  been 
hitherto  able  to  fliew  that  it  has  any  weight. 

4.  The  inflammable  principle  diminijbes  the  gra^ 
vity  of  bodies  \for  asfoon  as  they  are  deprived  thereof 

'  they  recover  their  original  weight. 

M.  Wciglib  confiders  this  as  fufficiently  known 
to  thofe  who  are  inftruded  in  modern  philofophy ; 
and  in  the  courfe  of  thefe  Ledlures  you  will  find 
this  pofition  illuftrated  by  various  arguments. 

5.  Of  the  intimate  combination  of  the  inflam^ 
mable  principle  with  vital  air,  and  the  developement 
of  phlogifticated  air. 

Though  we  confider  the  exiftence  of  an  inflam-- 
mable   principle  peculiar  to  -combuftible  bodies, 

yet 
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yet  we  allow  combuftion  cannot  take  place  unle(s 
they  are  furrounded  with  either  vital  or  atmofphe- 
rical  air:  indeed  the  laft  fcems  only  to  acquire  this 
faculty  in  proportion  as  it  contains  vital  air,  (b 
that   this   may  be    confidered  as^  that    alone    in 
which  combuftion  can  be  produced.     There  is  a 
natural  proportion  eftablilhed  between  the  quantity 
of  the  combuftible  body,  and  that  of  the  air   in 
which  the   combuftion  is  made;  for  experiment 
Ihews,  tkat  the  combuftion  never  goes  beyond  a 
certain  point,  and  that  this  point  is  more  retarded 
in  vital  air  than  in  any  other.     In  all,  combuftion 
volatile  particles  efcape,  in  metals  it  is  the  inflam- 
mable principle  alone  which  is  difcngaged,  in  other 
bodies  a  variety  of  matters  efcape  with  this  prin- 
ciple.    Experiment  fliews,  that  combuftion  ceafes 
in  phlogifticated   or   inflammable  air;    we  may, 
therefore,  fuppofe  that  thefe  airs  cannot  abforb  the 
particles  which  efcape  from  bodies  in  combuftion, 
becaufe  they  are  already  fufficiently  loaded  there- 
with.    What  we  have  here  mentioned  takes  place 
more  particularly  in  the  limple  calcination  of  me- 
tals ;  for  as  thefe  contain  no  other  principle  that 
can  be  volatilized,  they  lofc  nothing  but  their  in- 
flamniable  principle. 

When  metals  are  calcined,  a  phenomenon  is 
obferved,  which  is  as  it  were  the  hinge  or  center  of 
the  new  French  chcmiftry,  and  about  which  all  the 
dodtrines  thereof  turn.  When  metals  are  calcined, 
or  when  combuftion  is  performed,  in  clofe  veffels 
filled  with  air,  a  coniiderable  vacuum  is  formed 
in  the  veflel,  and  the  remaining  air  weighs  lefs  than 
the  air  that  was  before  contained  in  the  veflTel :  on 
the  other  hand,  the  body  which  has  been  burnt,  or 
the  metal  which  has  been  calcined,  will  have  ac- 
quired weight,  and  this  increafe  of  weight  will  be 
^  nearly  in  proportion  to  the  lofs  of  weight  in  the 
air.     Mr.  La voilier  concludes,  as  wc  have  obferved 

before. 
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before,  that  the  loflr  air  is  abforbed  by  the  calx  of 
the  calcihed  metal. 

Mr.  Wicglib  thinks  Mr.  Lavpifier  has  forgot- 
ten that  a  condenfation  of  the  air  may  have  alfo 
taken  place  ;  and  it  is  to  this  condenfation  Mr.  W. 
attributes  the  change  in  the  air,  fupporting  his 
€>pinion  on  an  experiment  of  Dr.  Prieftley's,  who 
found  that  by  taking  eledlric  fparks  for  a  confide- 
rable  time  through  a  quantity  of  atmofpheric  air, 
that  quantity  was  diminiftied  near  one-fourth  in 
bulk.  Mr.  De  la  Mctherie  has  alfo  proved  by  his 
experiments,  that  pure  vital  air  may  be  diminifhed 
by  the  eledric  fpark,  and  changed  into  phlogifti- 
catcd  air.  Now  if  thefe  experiments  prove  that 
vital  air,  when  pure,  or  when  mixed  with  atmo-* 
fpherical,air,  may  be  diminiftied  by  eledricity,  it 
is  evident  that  in  the  cafe,  of  which  we  are  now 
fpeaking,  the  fame  thing  (hould  take  place,  unlefi 
it  can  be  proved  that  a  portion  of  this  air  has  been 
abforbed;  but  experiment  proves,  that  this  very 
fenfible  diminution  of  the  mafs  of  air  is  owing  to  a 
real  condenfation ;  for  on  introducing  phlogifticated 
vapour  into  the  pureft  vital  air,  till  it  is  completely 
faturated,  there  always  remains  behind  a  fmall 
portion  of  phlogifticated  air.  This  is  proved  as 
well  by  the  experiments  of  Mr.  Lavoifier  as  of 
other  chemifts,  although  they  have  confidered  this 
refiduum  of  phlogifticated  air,  according  to  their 
peculiar  prejudices,  as  being  anteriorly  contained 
in  vital  air.  Mr.  Wieglib  poured  into  a  phial, 
containing  9  ounces  of  pure  vital  air  obtained  from 
manganefe;  he  poured,  I  fay,  therein  4  ounces  of 
a  concentrated  diflblution  of  liver  of  fulphur;  the 
vital  air  then  occupied  a  fpacc  of  5  ounces ;  fifteen 
days  afterwards  the  phial  was  opened  under  water, 
and  the  water  on  entering,  filled  the  whole  phial, 
except  a  fmall  fpace  of  about  three  grains  and  a 
half  in  capacity.     Now  if  the  vital  air  had  been 

abforbfed. 
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ahlbrbed,  there  fiiould  have  been  a  pcrfedl  vacuum  $ 
but  this  was  not  the  cafe,  the  fmall  refiduum  was 
phlogifticated  air.  This  experiment  was  repeated, 
but  always  attended  with  the  fame  fucccfs* 

6.  Of  inflammable  air  produced  hy  the  combina^ 
lion  of  water  with  the  inflammable  principle • 

Mr.  Lavoifier,  and  the  friends  of  the  French 
fyftem,  think  that  fome  folid  m;^ter  is  neceflajy 
for  the  formation  of  inflammable  air,  that  this 
matter  acquires  it's  elafticity  by  fire,  and  b  one  of 
the  conftituent  or  component  parts  of  water.  Mr. 
Wieglib  confiders  fire  as  one  of  the  conftituent 
parts  of  this  air,  founding  his  opinion  on  Mr.  La.- 
voifier's  own  experiments. 

By  letting  a  copper  tube  5  or*  6  feet  long; 
filled  either  with  iron  wire  bent  fpirally,  or  elfc 
with  charcoal,  pafs  through  a  violent  charcoal  fire, 
introducing  at  the  fame  time  the  point  of  a  fmall 
glafs  alembic,  which  wa$  filled  with  water,  into  the 
upper  part  of  the  tube,  fo  that  the  vapour  of  the 
water  pafled  through  the  tube,  the  lower  end  of 
which  was  immerlcd  in  a  phial  filled  with  water, 
inflammable  air  was  produced.  If  charcoal  be 
employed,  a  good  deal  of  fixed  air  is  obtained  at 
the  fame  time,  the  iron  contained  in  the  tube  is 
calcined,  or  if  charcoal  is  ufed,  it  is  changed  into 
afhes. 

Mr.  Wieglib  thus  explains  the  above-men- 
tioned phenomenon;  the  uatcr  in  palFing  through 
the  tube  combines  with  the  fire,  and  is  chan^d 
into  vapour,  which  combining  alfo  with  the  in- 
flammable principle  of  the  iron,  is  thereby  changed 
into  inflammable  air.  Other  experiments  may  be 
adduced  to  prove  the  fame  poin;. 

7.  The  combination  of  the  inflammable  principle 
with  phofphoric  acid  produces  phofphorus,  with  the 
vitriolic  fulphur. 

Whatever  notions  we  now  poflTefs  of  tjbe  com- 
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pofitionof  natural  of  artificial  bodies^  we'  s^re  in« 

ii^btcd  for  them  tp  ^n  an^lyfis ;  p^ofphorus  an4 

lulphur  were  ki^p^n  before  dieir  conftituent  part^ 

were  difcovere^f    T^^e  obfervation  that  phofphoru^ 

ihines  whexf  expof^  to  the  siirj  naturally  led  to  the 

idea^  that  thin  luminous  body  contained  an  inf1am« 

znable  ma^tefi  which  diffufpd  itfelf  in  the  air  ii| 

the  fbrfii  of  a  luminous  vapour.     By  purfuing  thi^ 

idea  further,   Hombe^gand  Margrstf  found  that 

this  inflammable  matter  contained  alfo  an  acid  of  2| 

particular  kind.    From  a  knowledge  of  thcfe  twq 

principl^s^  latter  chemifts  h^ve  been  able  to  fbrn| 

phoiphoru^^    by  coml:|ining  t|)is  pafticulaf  acidf 

with  the  inJRammable  principle. 

It  was  the  fame  with  fulphur,  whof^  confti^ 
fuent  principle^  vfpxc  placed  in^he  cleared  ppint  of 
iriew  l^  fhe  juftly  celebrated  StahK 

8^  Tbfif  charcoal  is  comfofid  of  t\fe  infiamm^hU 
ffinclfie  and  fixed  air. 

Mr.  Wie^^libj  before  he  explains  hi9  owi| 
proposition^  gives  an  account  of  Mr.  Lavoifier*t 
notion^  conccf  i^ing  the  peculiar  principle  of  char- 
coal^ carboime^  ^nd  the  infll^n^u^b|e  j)|:ii^iple  it 
^Uiqs. 

Mr.  Lavoiiier  cofifide)^  common  cha^cpal  a^ 
Compofed  of  carbonne^  ififlampiable  s(ir»  eafth^  an4 
^t.  In  expoling  charcoal  to  a  great  fire  in  clofe 
veflelsj  Mf.  jL.  obpiif^ed  ^ffnall  atif^ntity  of  infIs^n« 
mable  air  s  but  as  the(^  c<x49  V^^^^^  fpf  ^  longer 
time  to  the  fame  degre^  pf  firp.  f xt^jbif ed  no  chann 
ofafped^  he  concciv^  p)ia(  by  (hif  Operation  he 
|uid  leparated  all  \\it  in^^piimable  air.  From  thia 
experiinent  Mf.  L.  cofifidefs  the  reiiduum  as  car*^ 
jboime^  i  fubftasp»  ^fo^ufefy  4*^ple^  ^ithou^ 
proving  the^mpiicify  thereof. 

Mf.  WiegUb  ^wsj  that  ch^rcofd  yi  9  opm^ 
jpound^  confifting^ 

u  Qftboiimamxiaitbl^pBS^ 
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2.  Of  fixed  air. 

3.  Ofterreftrial  l^^^j^f^, 

4.  Offalinc         ^particrcs. 

The  two  lad  are  contained  in  the  afhes,  and 
are  only  acceflbry^  depending  on  the  vegetables  of 
which  it  is  made^  fo  that  fometimes  none  of  thcfe 
particles  are  to  be  found. 

Mr.  Lavoifier's  theory  coniifls  in  coEdiderii^ 
his  carbonne  as  a  iimple  fubftance ;  and  fuppoiing 
in  all  the  experiments  (where  there  is  a  decompo* 
iltion  of  charcoal)  that  the  fixed  air  emaning  there- 
from, is  a  new  compound.  This  error  he  has  been 
led  into^  from  not  obferving  that  charcoal  is  not 
decbmpofed  when  aded  upon  in  clofe  veffels ;  for 
in  this  cafe  there  is  a  diminution  of  the  roafs  of  air, 
and  the  refiduum  is  fixed  air.  Mr.  W.  ftcws>  that 
the  air  is  always  diminiihcd  when  the  inflammable 
principle  combines  with  yiul  air;  but  as  tbis^ 
when  it  quits  the  charcoal,  efcapes  into  the  air. 
the  fixed  air,  difengaged  by  the  fame  opcratioOj 
naturally  follows. 

Fixed  air  has  often  mifled  the  moil  able  che- 
mifts,  when  they  have  endeavoured  to  prove  it*s 
cxiftence  ;  but  on  quitting  the  idea  of  it's  artificial 
compofition,  which  is  far  from  being  proved,  wc 
may  always  obtain  every  neceflary  knowledge 
Scbeele,  whofc  abilities  are  univerfally  acknov-* 
Icdged,  is  one  who  was  thus  mifled,  and  we  find 
him  fometimes  thinking  he  had  formed  this  aerial 
acid  (fixed  air),  fometimes  that  he  had  fimply  fc- 
parated  it.  .  Scbeele  obtained  fixed  and  inflammable 
air  by  expofing  powdered  charcoal  to  fire.  By 
expofing  alfo  to  a  naked  fire  fixed  caudic  alkaU 
mixed  and  ground  with  charcoal^  in  a  glafsalctnbic, 
uling  the  pneumatic,  apparatus,  you  obtain  a  great 
quaaticy  of  inflammable  air;  the  refiduum  i)^  ioft 
it's  caullic  nature,  and  will  eflcrvefce  with  acids| 
and  is  confequcntly  loaded  with  fixed  air.    lo  this 

experiment 
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experiment  the  inBammable  principle  is  feparated 
under  the  form  of  inflammable  air,  whilg  thp  fixcjl 
air  is  combij>e(J  with  the  fixe<i  alkali, 

By  exppling  to  ain^ppij  |irc  s^  mixture  oC  lir 
charge  a^d  powdered  charco^li  coi^taine(iinaglaf^ 
alembic  fo^idly  iuted^  we  obtain^  by  means  of  th$ 
pneumatic  appaptusj  ^xed  aio  an(i  the  Uthargc 
ireiTjaining  \n  the  alembic  of g|afs  i$  fevivi^e4 ;  an^ 
in  this  cxpcrimcRt  the  fixccTair  i?  evidently  pro? 
^uced  from  the  ch^coal^  while  the  inflammable 
principle  combining  with  the  calxof  lead,  rcftorej; 
f  t's  metallic  form.  The  fame  refujt  is  obtained  by 
fliftil/ing  flings  of  7.11^0  with  fixe^  c^ullic  aljicali^ 
ihewing  further  (he  ftroi?g  affinity  between,  (h^ 
inflammable  principle  of  c  Wcoal  and  ^h^t  of  mer 
jtah  On  obferving  alone  the  g^eat  quantity  of  fixed 
air  procure4  by  dillilling  dried  wood,  one  woul4 
naturally  conclude,  that  this  pf-inciple  ough;  to  bf 
found  in  charcpaL 

9*  The  component  principle^  of  viff^l  fif  0pt 
fhfiilutely  unknowpf 

Nq  one  has  hitherto  di^Qvered  ti^e  method  of 
compounding,  or  forming  froip  prii^ciple^^  yital 
pir.  Mr.  Wieglib  invites  thoff  pf  9  cojitfary  ppi- 
pion  to  the  proof.  Lavcjifief  Jiimfcff  feen)s  tp 
think  his  proofs  of  (a  pretendpjj)  Qxjigene  coiiibined 
jvith  fire  or  light,  agj'orfpipg  vjital  jir,  infufjicient^ 

In  all  fhe  .experin)en5$  Vh^re  ^^ c  find  thi§  aif, 
it  procpe^^  from  the  jjecpmpofition  of  bodies,  of 
Which  it  was  9  coijftitye;)t  paf  t :  it  appears,  there- 
fore, f  o  be  of  an  appropriate  nature,  and  tp  be  a^ 
f  onftitucnt  part  pf  certain  bodies :  it  may,  ppfHbly. 
be  found  in  fome  acids,  as  is  pfoved  from  jfhc 
pitrous  ^cid;  but  we  ought  not  thence  to  giye  if 
^he  Qainp  pf  pxigeae  (acidifying  principle),  a  aam^ 
pat  might  with  gre^t^j:  proprie.ty  be  fjftrj^ufed  tp' 

Iff.  Bxe4 
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lo.  Fixed  air  cannot  be  produced  by  an  artifi^ 
iial  combination. 

This  propofition  is  dircdlljr  contrary  to  At 
obfcrvation  jof  Mr.  Lavoificr,  and  the  chemiftswho 
follow  his  fyftcm,  and  if  cftablifhed  will  overthrow 
it  entirely :  for  if  the  fixed  air  that  Mr.  Lavoifier 
obtained  is -not  produced  {produfftim)lyy  the  com<. 
bination,  butonty  feparated  (eduffum),  the  new 
fyftcm  falls  to  the  ground/  and  their  famous  i>xi^ 
gene  will  turn  out  to  be  as  chimerical  as  thdt 
political  theories. 

The  propofition  before  us  has  been  fuflict^ntlj 
proved  by  a  fcriet  of  experiments,  publiihcd  l^ 
•Mr.  Green,  in  1786,^  and  which  have  not  been 
refuted  by  Mr.  Lavoifier,  or  any  of  the  advocates 
af  the  French  chemiftry.  Mr.  Wieglib  repeated 
the  experiments  of  Mr.  Green,  and  was  perfcdlljr 
convinced  of  their  accuracy. 

Of  thefe  u^e  ihall  now  quote  fomc  of  the  moft 

remarkable.     In  the  fourth  and  eighth   of  Mr, 

Green's  experiments,  he  burnt  fome  phofphorus 

under  a  receiver  filled  with  atmofpherical  air  kept 

under  water,  and  obtained  an  acid  water  which 

precipitated  lime  from  lime-water,  but  contained 

no   fixed  air.     Though  Mr.  Lavoifier  confiders 

fphorus  (without  proof,  however,)  as  a  fimple 

yr,  it  is  -more  probable  you  fee  that  it  contain^ 

inflammabJe    principle.      If  Mr.   Lavoifier's 

tion  had  been  well  founded,  phofphorus  ought 

us  experiment  of  Mr.  Green's  to  have  produced, 

i  the  particles  of  vital  air,  fixed  air;  but  as 

her  Mr.  Green  nor  Wieglib  could  obtain  this 

we  may  confider  the  French  opinion  as  def-* 

te  of  foundation  ;  the  lime  is  precipitated  in 

experiment  by  the  phofphoric  acid  disengaged 

hc^ombuftion. 

In 

bfenr;  tl  £xpcr.  <irca  gtnefin  aeffs  fix!  tt  pUogift.  lUUm^ 
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In  his  eleventh  and  thirteenthcxperimcnt,  Mr. 

C5rcen  burnt  phofphorus,  which  waw  reduced  in 

.^fniall  pieces  ;  in  eight  cubic  inches  of  the  pureft 

^  "vital  air^  after  the  combuftion,  there  reniained  three 

.  eighths  of  a  cubic  anch  of  phlogifticated  air.  and 

^  ^he  water  contained  no  fixed  air.    Thefe  expert- 

^ments  prove  the  fifth  propoiition. 

:  - .       In  the  nineteenth,  twentieth,  twcaty-firft,  and 

-  ^^venty-fecond>  Mr.  Green  could  not  obtain  fixcjd 

-air  by  burning  fulphur  in  atmofpheric  air. 

In  the  twenty-fourth  and  twenty-fifth,  Mr. 
Green  proves  that  frefli  prepared  calx  of  lead  coa- 
i£aias  neither  vital  nor  fixed  ain 

Regulus  of  antimony,  lead,  zinc,  fulphur,  &c. 
-exploded  with  nitre^  produced  ao  fixed  air. 

Vital  and  inflammabie  airs  burnt  together^ 
^ve  no  fixed  air«  which  ought  to  have  been  the 
cafe  if  there  was -any  foundation  for  Mn  Lavoifier'A 
fyftem. 

Mr>  Lavoifier*s  errors  have  }>een  in  a  great 
meafure  w^cafioned  by  confiderin^  charcoal  as  a 
iimple  principle^  without  giving  Tufiicient  proofs 
for  this  opinion*  Mr;  Wieglib  has  (hewn,  that  it 
muft  be  cQufiderod  as  compound^  and  that  in  all 
the  experiments  where  Mr.  Lavoifier  obtained  fixed 
lair*  it  w^  feparated  from  the  charcoal  he  ufed. 

It  has  been  faid^  '''that  there  is  no  dired  ex«> 
periment  co  prove  that  lix^d  air  is  cx)mpofed  of  pure 
iair  and  phjogifton^  and  that  unlefs  this  is  properly 
fupported,  the  prefence  of  phlogifton  in  metals,  ia 
Tulphur,  and  in  nitrous  air^  <^A  b^  given  up.'* 
This  rcafoni^g  is  founded  on  a  falfe  principle 
which  feeks  to  combine  fixed  air  with  iubftances 
that  only  conuin  J^ire  phlogifton ;  but  what  proofs 

ifid.  Ifthele 
is  in  nature^  it 
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$ination  of  vital  air  with  pbl(^iftdH  wt  never  ohtM 
jfiX'ed  air.  * 

Mfi  Wic^libi  hiving  proved  the  foregoii^ 
*  J)ropofitiortSi  invites  chehiifts  to  exannihc  whether 
the  fyftem  of  StaHi  w  now  improved,  is  not  con-a 
tbrimable  to  truth  ?  wheth^fl*  thfe  fcxpefitnents  dc-i 
duced  from  it  are  not  more  llitiple,  more  palpablej 
ind  more  edfy  to  fexplaini  thiil  by  Mf .  iJivoiiier'i 
new  thbb^)r  ?  He  afterwards  pdihts  out  the  fourca 
that  have  led  Mr.  Lavoifiel"  iiitb  errori  traces  tbd 
Reps  thdt  have  gi-aduilly  conduced  him  to  his  pre-* 
fent  thfebry.  But  views  of  this  part  of  his  pap(^ 
tvould  ledd  fahher  thail  the  ilatuire  of  theft  LrOurdl 
willallowi. 

Thus  1  Ihihk  ydu  hive  ftfcA  thit  tliii  iiiflaitt- 
hidble  prihcipie  ftill  holds  \Vh  gh)und>  and  cannot 
be  t-fcjecfliid,  as  the  Fteneh  have  imagined^  from 
the  philofophy  of  naturei  You  are  not  ^^  to  expe(% 
that  any  one  can  prefent  ydu  with  &  haiidful  of  this 
principle,  feparated  froni  4n  inilamitiable  body; 
you  might  jUft  as  i-eafonably  demind  a  handful  of 
hiaghctTlhii  oi'  gi^ivityi  &c.  to  be  iextrafted  from  a 
inajgnetic  or  gravitdtirig  body:  .  There  are  powers 
in  nature  which  cannot  otheHvife  becomi  the  oijeBi 
ffffen/e,  than  by  the  effefts  they  ptxxluce ;  and  of 
this  kind  is  the  inflammable  principle  or  pUo^ 
giftorti*! 

Whfcfevfci'  we  lurh,  We  find  every  dperation  in 
fiitu^c  bearing  tcftimony  to  the  exiftencc  of  fire 
^nd  irght  in  various  forms,  and  giving  u^  evidence 
of  their  inceflant  adive  energy.  By  their  various 
inodifications  they  ^re  the  principal  inftruments  in 
'conftitutihg  the  peculiar  and  diftinguifliing  prxK 
pertifes  of  bbdies; ,  To  their  phl<%iftic  principle 
metals  6wfe  theiJr  fplendor,  dttilility,  tod  clafticity* 
It  abounds  in  vegtetablic^  ^  theik' colour^  tafte,  aiKl 
fmefl  depend  thereon.  Though  contra&ed  views 
bf  the  laws  of  nature  have  difbnguiibed  this  adtive 
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f>irinciplc  by  as  many  names  as  energies,  yet  is 
rficre  great  reafon  for  concluding,  that  it  is  the 
fiime  agent  which  we  at  one  time  contemplate  in 
the  form  of  concentrated  light,  tearing  afunder  the 
denfell  adamant,  and  at  another  rending  the  clouds, 
aind  threatening  with  refiftlefs  deftrudion  the  lofty 
oak  and  towered  citadel. 

**  There  is  hardly  «  body  in  nature  in  which 
rhis  principle  does  not  enter.  Whether  we  call 
our  eyes  on  the  furniture  of  our  houfes,  or  look 
abroad  upon  the  trees  in  the  forcft,  the  beafts  in 
the  field,  the  filh  in  the  fea,  the  fea  itfdf,  or  the 
Tnineral  ftrata  in  the  bowels  of  the  earth,  this  prin- 
ciple perpetually  obtrudes  itfelf  on  the  eye  of  the 
philofopher.'* 

**  There  is  hardly  an  otgeft  in  nature  but  what 
confiftsof  it  under  different  modifications,  or  com- 
bined with  different  bafcs.  The  reftorationof  the 
calces  of  metals  totihcir  metallic  form,  by  a  junc- 
tion with  this  principle,  when  obtained  indifferently 
from  almoft  every  combuftibk  body  in  nature, 
feems  clearfy  to  afccrtain  the  fadt.  It  may,  how- 
ever, be  worth  while  to  convey  fcwne  further  idea 
of -this  matter  by  Analogy^  comparing  the  jundlion 
of  phlopjion  with  fuch  a  variety  of  bodies  to  that 
tnepbitic  air,  which  is  believed  to  be  latent,  or  fixed 
in  a  block  of  marble,'* 

^  Previous  to  Dr,  Hale*s  and  Dr.  Black^s  dif- 
coveries  relpedting  fixed  air,  it  wx>uki  have  been  as 
difficult  to  fonn  any  idea  of  fuch  latent  or  fixed 
air,  as  fome  now  find  it  to  Conceive  that  a  lump  of 
wood,  tallow^  bees-wax,  or  iron,  contains  a  large 
quantity  of  what  is  with  propriety  denominated 
latent  or  fixed  fire." 

**  As  fixed  air  has  the  wonderful  property  of 

entering  into  the  fubftance  of  a  block  of  marble 

or  lime-ftone,  and  of  there  lying  hid  in  fuch  a 

manner  as  to  be  totally  inconceivable  to  the  under- 
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ftandings  of  mankind^  abfolutdy  loiin^  every  ap^ 
jpearance  of  air ;  fo  hath  the  folar  fubftance  liit 
property  of  entering  in  a  finlilar  manner  into  the 
ibbuance  of  a  vaft  variety  of  the  objeds  of  nature^ 
hut  itiorc  eipecially  into  every  mcitallic  earth  or 


talx;  thereby  giving  it  it*s  nletallic  fornix  and 
continuing  intiftlately  cothbined  with  it^  fo  as^ 
without  the  aid  of  fotne  chemicdl  or  mechanical 
prOcefs^  to  elude  both  bur  feelings  and  the  detec- 
tion of  the  riiccft  thermometer/' 

'^  As  fixed  air  is  capAbie  oFjPcAdcring  the  rooft 
i^auflic  alkali  ot  lihie  perfedljr  mild  and  harmlefi 
to  the  touch  or  taftci  fo  hath  fixed  fire  the  property 
of  rendering  fohiie  6f  the  moft  coi-rofivc  and  pw- 
ibnouD  metak  equally  hiild  and  hslrmlefs.     There 
is  hardly  anyj  from  the  ftrongcft  concentrated  mU 
heral  acid  to  thfe  wi^akeft  vegetable  dAe,  but  what 
Vill  expfel  fixed  ol-  niephitic  >air  froih  alkaline  fubi 
ftances,  icohiblning  with  thetn  into  a  variety  of 
neutral  (alts.    Some  bf  the  ftrongel:  mineral  acids^ 
and  probably  the  vegetable,  if  properly  concen- 
tratedi  will  alfo  expel  inflamfttable  air  from  metal* 
lie   fubfi:anpes^  wifh  which    they  alfo   combinCi 
forming  a  variety  of  neutral  falts.     They  who  dc- 
hy  the  exlftence  of  phlogifton,  miy  confider  this  as 
inerely  a  feparation  of  inflammable  air  from  thi 
different  earthy  or  ihetallic  bafes ;  but  furely  the 
inflammable  air  may  with  equal  propriety  be  con-i 
iidered  as  the  frt-inciple  of  inflammability,  affu- 
ming,  in  conjun£li&n  with  vmtrr,  k  new  form^  viz; 
that  of  air ;  for  the  highefl:  concentrated  acid,  which 
ive  can  ufe  on  thefe  occafions^  contains  a  fufficient 
quantity  of  water  to  form,  in  conjundion  with 
phlc^ifion  or  fixed  fire,  fome  proportion  of  thifc 
elaftic  fluid  which  we  call  inflammable  ain" 

^^  If  we  attend  ftiU  more-clofely  to  this  circam- 
ihince>  we  Ihall  be  compelled  to  acknowledge  thac 
it  is  actually  tUt  cafe^  tor  the  mofib  concentrated 
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mineral  acid  rtiuft  part  with  it*s  water  upon  irt 
iMurticles  imiting  with  thdfe  of  the  folid  metal,  k 
becomes  tktn,  in  fad:^  a  cale  of  double  eiedtive 
attntifttiDn';  the  acid  and  the  metallic  earth  imitc^ 
Che  water  quitk  theacid^  and  uhites  withphk^iftoa 
in  the  fiewly-formed  aerial  compound ;  jret  all  the 
>rater  caimot  be  diipofed  of  in  this  way^  for  a  con^ 
iiderabiie  portion  of  it  ent^  into  the  metallic  fidt 
ms  it  flioot3  into  crj^ftals^  from  wkich>  by  theap^ 
plication  of  a  hioderate  heaf^  it  jnay  be  expelled  in 
It's  pure  ilate^  leaving  the  acid  and  metallic  earth 
in  the  form  of  a  faline  powder.  "^ 

^'  The  quantity  oCphlogiflron  which  is  fixed  in  a 
|)Ound  of  any  metal  will  occupy  an  immenfe  fpace 
when  expanded^  in  conjiindllon  with  water,  in  the 
form  of  inflamhiablc  ain  The  fame  thin^  may  be 
bbfervcd  of  the  tnephitic  Vapour  whicli  rifcs  from 
alkaline  falts>  and  abforbent  earths,  when  they  are 
hiixcd  with  an  acid  in  a  folid  forhi ;  for  here  no 
iixed  air  will  rife.  This  is  owing  to  the  want  of 
water  to  combine  With  the  hiephitic  acid  in  the 
form  of  fixed  air ;  for  no  fboher  is  moifturc  added^ 
than  the  fixed  air  rifes  copioufly.  And  to  this 
caufe  we  ought  alfo  to  afcribe  part  of  the  lofs  of 
weight,  which  was  firft  obferved  by  Dr.  Black  oil 
the  hiixture  of  acids  and  abforbent  earths^  or  alka- 
line ialts.** 

*^  Fixeci  aif,  ^  4A  act  J,  neutralifes,  and  rendeni 
hriid>  the  tnoft  cotrofive  alkali  or  lime.  Dr. 
Pfieftley  hath  conaeived  phlogifton  to  be  the  prin^ 
tiple  of  alkalinity-;  and  accordingly,  Jike  fomething 
Alkaline^  we  obferve  it,  from  whatever  fubdance 
obtained)  to  form  a  jun^flioji  with  the  moft  corro- 
five  mineral  acids>  and  to  rob  them  of  their  adivity 
fts  fuch:  thus  the  muriatic  acid,  that  has  beei| 
t>nce  ufed  in  making  the  corroded  preparations  of 
anatomifts,  is  fo  nearly  neutralifed,  and  rendered 
^ert^  that  it  will  npt  r^eatedly  ai>fwer  Uiat  pur-^ 

•    pofc. 
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j^fc.  The  ftrongcft  vitriolic  acid  lofes  it's  cauftiC 
property  in  the  fame  inanncr>  but  more  ftrikingly; 
by  jundion  with  oil,  bees-wax,  or  tallow,  which 
abound  with  phlogiflon^  As  fixed  air  may,  by 
art,  be  feparated  from  marble  and  lime-ftMe,  and 
xnay  be  made  to  appear  evident  to  our  fenfes ;  fo 
may  the  tnoft  of  this  fixed  fire  be  feparated,  by  art, 
rom  the  bodies  which  coauin  it,  and  become 
immediately  obvious  to  our  fceiings^  and  to  the 
dete&ion  of  a  thermometer/'* 

Opinions  Or  ANCitKt  Writers* 

It  may  be  ufeful,  ahd  I  think  cannot  be  un. 
Jjleafant^  to  lay  before  you  the  opinions  of  ancient 
Writers  upon  the  fubjeds  we  have  hitherto  dif- 
cufled  in  6ur  Ledlures :  they  had  the  fame  opportu* 
hities  that  we  have,  and  derived  their  knowledge 
of  things  from  evidence  and  obfervation*  How 
far  they  were  capable  of  carrying  their  obferva*- 
tions,  it  will  be  difficult  to  lliew  with  precifion: 
much  farther,  however,  than  feems  to  be  allowed 
by  many  modern  writers,  who  conlider  Vifdom  as 
a  child  newly  born.f 

Thtre  are  innumerable  appearances  and  ope- 
rations in  nature,  which  are  fubjeded  to  the  eyes 
iand  fenfes  of  men,  though  unaffifted  byphilofophic 
apparatus;  and  as  nature  is  confident  with  itfelf, 
from  thcfe  we  may  form  a  judgment  concerning 
their  knowledge  of  phyfical  principles. 

'  The  (kill  of  the  ancients  in  mechanical  arts 
isgenel-ally  allowed^  2uid  tnoAUments  of  it  are  ftill 
tcmaining^  which  their  Tons  at  this  day  would  find 
it  hard  to  exceed  or  even  to  imitate ;  their  know* 
ledge  in  geometry  and  mathematics  is  the  founda- 
tion 

^  Medical  SpeOator,  No.  it, 

+  For  infUnces  of  the  knowledse  of  t)ie  ftncientSi  fee  Jones't 
£(ray  on  the  Firft  Priadplcs  of  rhilofbphy^  See  adtfe  luteal 
£ofuiry» 
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lion  of  our  own,  and  perhaps  modem  times  can 
find  noncfuperior  in  thefefciencesto  Archimedes^ 
£uclidt  and  Apollonius. 

Plato^  who  was  the  hcdd  and  founder  of  the 

Acaderhics,  and  who  was  without  doubt  the  greateft 

knd  iTioft  amiable  philofopher  among  the  Greeks^ 

allerts,  *'   that  jfr^and   heat  beget  and  govern 

all  thin^;"  where  he  deTcends  to  particul^s,  he 

accounts  for  the  animal  fundionsj  from  an  inter^ 

texture  of  air  and  fire  ading  throughout  the  wh<4e 

frame  t)f  the  body^     To  fire  he  afcribes  the  office 

bf  expanding  wiibin,  ind  at^ing  through  the  bod/ 

outwards;  while  thfe  element  of  ^j/r  comprejj'es  from 

^  ^vitbout^  and  counteradls  the  force  of  the  internal 

fire.     By  the  minijlry  of  thefe  caufes^  imd  the  im- 

poflibility  of  ^  vacuum^  a  perpetual  circulation  is, 

as  it  werc>  kept  up  through  the  motion  of  the  lungs 

in  inlpiration  and  expiration;    He  imputes  the 

efFcdls>  obfervable  in  amber  and  the  loadilone^  in 

gravitating  and  projecting  bodies,  to  the  i&ion  of 

the  iame  elements.     For,  in  all  thefe  cafes,  he  ob*- 

fenn^s,  there  is  really  no  fuch  thing  as  attra<ftion  t 

.  but  that  the  caufes  already  afligned  will  be  founds 

by  thofe  who  inquire  diligently,  to  effed  all  thefe 

\vonders  of  nature  by  their  reciprocal  impulfes. 

In  another  place^  fpeaking  bf  the  mediation 
of  clementaiy  fire  and  light,  he  fays,  ^«  Thefe  are. 
the  fecondafy  nnd  co-operating  caufes^  which  God 
make^  uft  bf  as  bis  minijiers  for  the  finifhing  and 
perfeding  of  his  work*  Moft  men  look  upoa  thefe 
as  primary  ctufes  of  all  things,  inafmuch  as  the/ 
occaiion  beat  and  cold^  can  eftedt  the  cobefion  and 
dijfolution  of  btidies,  and  perform  all  other  things. 

In  the  Timaeus,  he  Ihews,  by  ftrong  reaions^ 
that  **  it  is  neceflary  corporeal  nature  fliould  be 
vifible  and  tangible  t  but  that  nothing  can  be  vi^ 
iible  without  fire,  or  tangible  without  fomethii^ 
Kblidi  and  nothing  folid  without  earth.    Hence 

th« 
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the  Divinity  compdfed  the  body  of  the  univoie 
from  fire  and  earth ;  but  it  is  impoflible  for  two 
things  alone  to  cohere  together^  without  the  in-^ 
terventionof  a  third  ;  for  a  certain  coUedtive  bond 
is  neccllary  in  the  middle  of  the  two/*     ••  But 
foiids  are  never  hanhonized  together  by  one^  but 
tlways  by  two  mediums.    Hence    the    Divinity 
placed  water  and  air  in  the  middle  of  fire  and 
'Carth^  and  fabricated  thetn  as  much  as  poflible  in 
the  fame  ratio  to  each  other;  fo  that  fire  might  be 
to  air»  as  air  to  water;  and  that  as  air  is  to  water^ 
fo  water  might  be  to  earth/' 

'•  tVater,  when  it  lofcs  iV%  fluidity  by  concre- 
tion»  appears  to' become  flonet  and  earth  i   but 
tehen  liquified  and  difperfed^  it  forms  vapour  and 
ftin     Likewife  air,  when  burnt  up,  becomes  fire. 
And,  on  the  contrary^  fire  becoming  concrete  and 
extind,  paflTes  again  into  the  form  of  air,^  &c 
''  And  thus  it  appears  they  mutually  confer  oa 
each  other  generation  in  a  certain  circular  pro^ 
greffion/*     Again,  ^  It  is  necel&ry  to  undermui^ 
that  there  are  many  kinds  of  fire,  as  for  inffamc^ 
flame,  and  that    which  is  kindled    from  flame, 
which  burns  indeed,  but  exhibits  no  li^ht  %o  the 
eyes,  and  which,  when  the  flame  is  extmguifhtdi 
abides  in  the  ignited  nature/'     Again,  *«  This  dc- 
parture  of  fire  we  denominate  refrigeration ;  but 
the  coalition  which  takes  place  when  fire  if  abient, 
we  call  a  concretion  ai>d  a  cold  rigidity/'    «  Fire 
entering  into  the  void  fpaces  of  water^  as  water 
into  thofe  of  ea^th,  influeiices  wnter,  i^  the  iame 
cnanner  as   fire   influences  air,  and  becomei  the 
caufcs  of  iiquifadion  to  ^  common  body/*  •    Froui 
thefe  paffages,  which  might  be  further  illuftntted 
and  confinned,  we  find  that  the  ancients  were  not 
ignoranf  of  latent  fire,  or  i|:*s  operations,  and  that 
'  thcf 

•  See  TaylcMr'9  TranlUtion  of  tl^e  CxiHyla^  Paitteaidg^  io( 
flpMuipfPl^, 
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thty  difcovered,  by  obfervation  and  attention  to 
firft  principles,  the  principles  of  mind,  what  mo* 
dcrn  philofophers  have  involved  in  obfcurity,  and 
overwhelmed  with  doubts. 

The  ancient'  I'latonifts  divided  nature  into 
two  paitSj  one  of  which  was  adive^  the  other  paf- 
five.     They  held  it  impoflible  for  bodies  to  cohere^ 
unlels  they  were  kept  together  by  fome  forc€|  and 
it   was  necelTary  this  force  (hould  be  exerted  by 
fome   matter.    In  diftinguilhing  the   feveral  ufes 
of  the  elements,  they  attributed  to  air  ^ndfire  the 
power  of  giving  motionj  and  caufing  efFoSls ;  to 
farfb  and  water,  a  paffivencfs  or  difpofition  to  re- 
ceive their  impreflion.     «*  Heat  and  cold,  accord-, 
ing  to  Ocellus  Lucanus,  the  faculties  of  fire  and 
air;  are  the  c^ufes  and  efHcients }  the  drynefs  and 
moifture  of  the  earth  and  water  afford  them  ma-, 
terials  to  work  upon." 

Zeno,  the  leader  of  the  Stoics,  taught  that 
*'  nature  was  fupported  by  an  elementary  fire  flif^ 
fufed  through  all  the  parts  of  it ;  that  there  is  no 
vacuity ;  thq^  univerfe  being  fb  completely  united 
in  itfelf,  that  there  is  a  connexion  and  harmony 
between  things  tcrrcftrial  and  celeftial/* 

Hippocra^s,  whofe  fenfiments  upon  air  I 
h^vc  already  communicsited  tp  yqu^  fpc^king  of 
the  element  of  fire,  affirms,  ^^  f h^t  i%  difpofes  au 
things  it}  the  body,  after  ^  manner  proper  and  ac- 
cording to  thi:  flmilitude  of  the  univerfe,  fo  tha? 
fraall  things  are  like  to  great,  and  great  to  fmall ; 
that  it  is  mod  powerful,  has  an  univerfal  domi- 
nioA,  and  governs  all  things  according  to  the  order 
of  nature;,  while  ijfelf  is  filent,  imperceptible  in 
it's  operations,  and  in  perpetual  agitation."  This 
Opinion  will  difcovcr  to  you  the  whole  fecrct  of 
the  Pagan  idfliMiir.  The  corrupt  philofophers  of 
the  heathen  ere  well  acquainted  with  the 

mflucnc^  9/  jB^pnts  over  all  other  things ; 

and 
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9nd,  bejnff  ignorant  of  the  true. and  living  God| 
judged  it  impoflible  that  air  and  fire  could  perform 
fuch  w'onders  unlefs  thpy  were  divine^  and  there-? 
fore  worfhipped  them  uhiveffally  as  imiportal  4n4 
intelligent.  Thus  alfp  th^  Qi^tldjeans  filled  al| 
ipace  w)th  ajr^  and  what  they  called  an  all-nou-r 
irilhing  sther,  to  which  they  jQi|ie4  W  intpWigcnf 
9nd  life-giving  fire^ 

The  preceding  Lcdlures  hfiy?  (hewn  you  in 
what  manner  thefg  invilible  agents,  which  wcr^ 
deified  by  the  ancients,  are  ufed  by  pi  vine  Pro-t 
viDEKCE  for  carrying  on  the  operatioi)^  in  nature ; 
rou  have  feen  what  great  effedb  are  profluc^  there^ 
n  by  ;hc  (ififion  of  fbe  elements  on  onf   (inoiber^ 
Their  n^ture^  properties,  powers,  and  efFedS|  arc 
the  genuifie  objeds  of  pbyfiological  inquiry/  anc) 
open  fo  large  a  fund  ot  enteitainpient.  aiid  imr 
provement^  that  the  (agacity  of  a  Newton,  if  h? 
were  to  live  for  a  thpufand  years,  would  never  be 
^ble  to  exhaufi:.    Already  the  knowledge  of  thQ 
^atu^-al  agency  of  thp  elements  has  been  produc* 
^ive  of  confiderable  ifnprovejnenfs  ii>  arts  and  pia- 
nufadhires.    Indeed,  no  arpficer  cs^  purfue  his 
craft  without  feeing  how  necefl^iy  ;he  element^ 
^^-e  to  aflift  him  in  his  works,  and  hpw  ififufiicicnt 
manual  labour  would  be  without  their  concuf-t 
fence.    Great  things  have  been  already  perforjned, 
and  much  more  may  be  eiFcfte^l  Y^hei)  jhey  arq 
farther  un(ierltood  and  applied.    If  is  g>  capital 
dijiinilion  bet^men  natural  an(i  fiftificipl  operations^ 
that  nature  penetrates^  while  (irtjiops  at  tbe/urface^ 
Hence^  if  you  would  work  as  natujre  "{vofks^  you  mufi 
ufe  the  agents  which  nature  ufesJ^ 

You  muft  alfo  have  pbferved,  that  in  attaint 
ing  one  fubjc<St  of  knowledge,  you  ac(]uired  aij 
jmperfcdt  information  of  others,  concerning  whiclj 
^ou  had  no  idea  before.    Hence  q^  doubt  is  fel« 

^  Jones's  Fhyfiological  plf^juiGtiai^i^ 
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dom  folved  without  creating  others.  In  your  pro-t 
grels  through  fcicnce,  you  will  often  clearly  apt 
prehend  wlmt  remains  a  myftery  to  others  ;  while, 
on  the  other  hand^  you  will  be  involved  in  dlHi^ 
culties  they  ci^nnot  difcern. 

It  has  been  well  obfcrved  by  Dr.  Prieftley, 
that  no  philofophical  inveftigation  can  be  (aid  to 
be  completedj  which  leaves  any  thing  unknown 
and  dubious  on  the  mind.  But  Aich  is  the  necef-« 
fary  conne(flion  of  all  things  in  the  fyflem  of  na^ 
turc,  that  every  difcovery  brings  to  our  view  new 
objei^s  of  difquifition  and  inquiry^  The  greater 
the  circle  of  lights  ?hc  more  cxtenfivc  is  the  boun- 
dary of  darknefs. 

As  the  Divine  nature  and  the  Divine  works 
are  infinite,  you  may  promife  yourfelves  an  end* 
lefs  progrefs  in  the  invcftigation ;  for  the  volume 
of  the  univerfe  is  perfect  as  it's  author,  and  con* 
^ins  mines  of  truth  for  ever  openings  fountains  of 
good  for  ever  flowing,  or  an  endlefs  fiiccciUqn  of 
brighter  and  more  perfect  exhibition  of  the  power 
and  wifdom  of  our  grej^t  and  glorious  God.*  Buf 
fuch  being  the  volume  of  the  univerfe,  and  fuch 
it's  authofj  donotprefumetojudge  thereof,  with 
equal  folly  and  rafhnefs,  from  a  fingle  page  exhi- 
bited to  you,  or  tp  fqppofe  that  9  little  knowledgp 
of  philofophy,  or  the  management  of  a  philofo- 
phical appars^tus,  can  ever  prove  detrimental  %o 
religionj  or  injurious  to  our  efhtbliibed  church; 
llich  is  not  the  language  of  piety  and  learning,  bu( 
the  vapouring  fpirit  of  vanity,  J^nd  the  (lelufiv? 
didates  of  a  felf-crcated  importance.  You  muft 
well  know,  without  gny  information  from  me,  that 
the  ableft  advocate?  for  free  inquiry,  and  the 
grearefl  promoters  pf  experimental  philofophy, 
nave  been  and  are  members  of  that  church,  whick 
has  been  lately  told  to  tremble  at  an  air-pump^  or 

an 
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?ni  clciJbical  machine.  Notwithftanding  the  felfifli 
and  party  view  with  which  men  too  often  culti- 
vate thcf  fields  of  fcicnce,  you  rwy  ftill  difcovcr, 
Wi  every  inftance  of  it's  progfcft^  (oTt\t  qf  the  ftcps 
of  that  vaft  plan  of  Divide  Providence^  to  which 
all  things  are  converging;  pamely^  the  bfingii^ 
all  his  creatures  to  a  fta|e  of  (ruth,  goodqeifs,  4nd 
confttjuent  h^ppinefs ;  art  end  worthy  of  the  beft 
ffnd  wifeft  beings,  and  which  wc  may  perceive  to 
be  gradually  effedling^  by  the  advancement  of 
knowledge^  the  diffuUoq  of  liberty,  and  the  re-» 
mova}  of  error,  that  truth  and  virtue  may  at  laft 
fliine  forth  in  all  the  beauty  of  their  native  colours. 
Eternal  love^  flow  as  it  may  feem  in  it's  fteps  to 
us  of  mortal  race^  is  unwe^ed  in  |t's  inotionS| 
and  inexhaufted  in  it^s  ()i(lributions ;  and  as  it  caq 
pever  ceafe  to  ftiine,  it  fhould  never  fail  to  ani* 
mate  you  with  it's  prefect  influence^  and  the  fub- 
^imc  and'glorious  profpeft  oflVn  iqcrea£ng  ftrength 
find  ^ver-rgrowing  fplendor , 
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BILONGING    TO  VOL;  I. 
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LECTURES  ON  NATURAL  FHILOSOPHT.  • 


FIGURE  1,  plate  i,  is  a  perFpeflivc  View  ot  a  dbubUbarr  tiled 
jiir-pumpf  according   to  the  conflruftion    of  the  Rev^  Mr» 
i^rince^  of  MalTachufct's  States,  America.    The  peculiar  advan- 
tages and  properties  of  this  con(lru£lion  have  been  already  ex« 
plained  in  the  appendix  to  Le6iure  III.     The  principles  of  the 
iir-pump  have  alfo  been,  I  hope,  fufficiently  elucidated  in  the 
Le^urrs  on  Air,  fo  that  I  have  here  only  to  defcribc  the  appa- 
ratus delineated  in  the  feveral  pla'es  of  this  volume:    of  thcfe, 
the  air  pump  is  certainly  a  mofl  important  inftrument,  not  only 
from  the  entertainment  it  affords,  but  alfo  for  the  light  it  throws 
upon  thisbranch  of  fcicncc.     This  figure  reprcfenti  the  air-pump 
with  a  receiver  on  the  plate,  and  barometer  gage,  as  ready  for 
ufc  ;  A,  A  are  two  brals  barrels  in  which  the  pi  (tons  movef  tlit 
barrels  communicate  with  the  receiver,  plictd  on  the  plaie  of 
the  pump  by  means  of  the  pipe  B,  C,  and  can^I  D,£;  the  items 
or  rods  of  the  piQons  are  feen  at    F,  G  ;  each  of  thefe  is  con- 
neftcd  with  a  rack,  that  is,  a  piece  having  teeth  on  one  fide. 
At  1  there  is    a  wheel,    wboie   teeth  l.ike  into  thofe  of  tb6 
rack;     fo    that  by  turning  the  handl-  H,    fixed    to  the  axis 
oi  this  wheel,  one  way  or  the  other,  the  ncUs,  and  of  courfc 
the    pillons    connected    with    them,     are    alternately    nScd 
and  depretTcd,  by  which  means  the  air  \*ill  be  cxhaufttd  out  of 
ihc  receiver  K,  L,  the  tube  B,C,  and  ihe^  c;»ndl  D,  K,  w*ilch  as 
they  communicate  with  each  other,  may  dll  be  confidcrcd  af  one 
VeUel,     At  the  top  of  each  ba rrd  is  a  folate,  on  whUh  is  a  t)o« 
m,  n,  containing  a  collar  of  leathcs  ;  i*-.  .  jgK  th  *  the  cvlindri^- 
Cal  part  of  the  pifton  rod  moves,  air  ti^ht  ;  o,  o   u  the  plar  e  of 
the  valve  €>n  the  top  plate.  Into  which  a  pipe  i%  (oldcrtd  that 
conveys  the  air  from  the  valt'cs^o  thedu£tgo.ng  under  the  valvr 
,    punvp.    P   reprefents  the  valvr  p^anp,  dcr:g- '.d  to  prcvcnr  -he 
freUure  of  the  atmofphcre  from  acting  on  ihe  valve  on  the  'op- 
plate.   Q  is  the  pifton-roci  of  this  pi.mp,  R  'he  hoodie  bv  wKch 
It  is  worked.  Y  is  a  cock  to  cu*  off  occ<'.^r.4  \y  t',^  ionrtTr,.^nU 
cation  between  the  receiver  and  the  v.xTk.r,^  '^^r*-^  of  the  ^rtm^ 
M  m  2  'ihc/c 
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There  is  a  fcreW  at  S^  which  clofes  the  orifice  of  the  canal  O  £ : 
by  unfcrcwioE  this  the  air  may  be  admitted  wheo  required,  Z 
is  an  cil-veSei  to  receive  the  oil  driven  over  by  the  adion  of 
the  pump.  It  may  be  proper  to  obferve  here^  that  there  (houki 
always  be  a  fmall  quantity  of  oil  in  the  cups  of  the  boxes  m,  n, 
that  hold  the  collar  of  leathers  through  which  the  pifton  rod 
moves:  abc  is  the  barometer  gage;  de  the  box  or  ciftem  con* 
taining  the  mercury ;  there  is  a  divided  box  fcale  affixed  to  the 
tube  to  afcertaia  the  rife  or  fall  of  the  mercury ;  a  fmall  ivory 
tube  encompafles  the  louver  end  of  the  glafs  tube,  and  duau 
upon  the  quickfilver  in  the  ciftem  ;  the  upper  end  of  this  is 
always  to  oe  brought  to  coincide  with  the  lower  divifion  of  the 
box  fcale ;  this  it  is  made  to  do  by  the  fcrew  underneath  the 
ciftern:  when  it  thus  coincides,  the  divifions  on  th*  (calegiva 
Uie  true  didance  from  the  furface  of  the  mercury  in  thebaibn. 
F  is  a  key  for  tightening  or  loofeniog  the  fcro%ir5ofths 

mving  already  in  the  appendix  to  Lrfture  III  explained 
Che  principles  on  which  this  pump  a6b,  I  have  only  to  obferve 
here^  that  as  when  either  pi  (ton  is  down,  there  is  a  free  com* 
inunication  from  the  receiver  through  the  lubes  and  canal  to  thf 

!>art  of  the  barrel  above  the  pi  don  ;  when  the  piflon  rifes,  it 
brces  out  all  the  air  above  it  through  the  valve  in  the  top  plate ; 
9nd  as  this  valve  prevents  the  air  from  returning  into  the  banel, 
when  the  pifton  defcends,  a  vacuum  is  formed  between  it  and 
the  under  furface  of  the  top  plate ;  as  foon,  therefore,  a  the 
pidon  has  defcended  below  the  holes  communicating  (by  the 
tubes  and  Pipc)  with  the  receiver,  the  air  ruOies  therefrom  ioto 
the  exhauvted  barrel ;  on  the  next  afcent  of  the  pifton  this  air  is 
forced  out  as  before.  To  prevent  the  pidon  from  meeting  any 
refidance  in  it's  defcent,  there  is  a  valve  therein  to  aUovthi 
air  to  pafs  through  as  the  pi  don  defcend^i  but  the  air  does  not 
neceflarily  depend  upon  a  paiTage  through  the  pidoa  in  order  to 
get  into  the  barrel:  fiy  this  means  the  pi  don  defcends  as  eafily 
as  in  any  other  condruflion,  while  the  valve  therein  does  not 
impede  the  rarifa^ion.  The  valve»pump  is,  as  has  been  before 
oblerved,  ufed  to  take  off  the  predure  of  the  atmofphere  from 
the  valve  on  the  top  plate  of  tne  pumpi  and  fono  a  more  per* 
JcEt  vacuum  between  this  plate  and  the  pidon,  that  nothing  mtj 
prevent  this  indrument  from  exhauding  as  fa^  as  it's  expanlivf 
power  will  permit. 

Th^  barometer  g^age  abc,  which  is  ufed  to  meafure  the  ex- 
haudion  of  the  receiver,  con  (ids  of  a  tube  (divided  by  a  fals 
annexed  to  it,  of  inches,  and  fraftional  parts  of  an  inch},  wbofe 
higher  orifice  communicates  with  tho  receiver,  the  lower  is  is* 
Bierfed  in  a  cidem  of  mercury* 

Before  any  exhaudion  has  taken  place,  the  mercury  in  the 
tube  and  cidem  is  upon  the  Gone  level ;  and,  after  any  number 
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of  turns  ofthe  pump,  tlie  aSr  in  the  receiver  and  tube  (s  e^toaUy 
Tlu-lficd,  and  the  mercury  wUl  aicend  in  the  tube  till  the  weight 
€>f  the  column  above  the  furfaoe  of  the  mercury  in  the  ciftornt 
and  the  elafticity  of  the  air  in  the  receiver,  taken  together,  be 
equivalent  to  the  weight  of  the  atmofphere;  and  if  the  altitude 
of  the  column  is  equal  to  the  ftandard  altitude,  the  vacuum  in 
the  receiver,  an^  that  above  the  mercury  in  the  bammeteri  aoB 
the  fame. 

Fig.  ft,  plate  1,  is  a  fyphon-gage,  which  is  occafionally 
fubftitutcd  for  the  barometer-gage.  Fig.  i^,  plate  i^  is  the  pear 
gage,  dcfcribed  p.  it 6. 

Fig.  4,  5,  6,  7,  8,  are  different  kinds  of  valves.  In  fig.  4, 
the  hole  is  covered  with  a  piece  of  oiled  filk,  which  is  confined 
loofely  to  the  top  of  the  plate,  fo  as  to  be  opened  eafily  by  tho 
air  adin^  from  beneath ;  fig.  5,  a  hemifphere^fbrafs,  fittioga 
concave  hemifphere;  this  has  been  occafionally  applied  in  pump 
work ;  fig.  6,  a  conical  valve,  this  has  been  applied  to  the  air* 
pump ;  fig.  7,  is  a  fiat  piece  of  brafs  lying  over  the  hc^es, 
through  which  the  water  is  to  pafs ;  it  is  preferved  in  it's  por- 
tion bv  the  two  fide  pieces,  or  ears  g,  h,  through  which  tht 
pins  1  k  pafs ;  fig.  8,  is  the  common  water- valve,  confiding  of « 
plate  and  leather  hinge. 

Fig.  a,  plate  1,  gives  us  a  view  of  ihtcommmUMe  air-fun^  i 
Ay  A,  are  tpe  two  barrels  of  brafs ;  thefe  are  firmly  retamed  in 
m  perpendicular  fituation  to  the  fquare  wooden  table  £FGM,  by 
the  tranfverfe  beam  T,  T,  which  is  preded  upon  them  by  the 
fcrews  O,  O,  at  the  top  of  the  two  pillars  N,  N  :  from  the  hole 
in  the  center  of  the  pump-plate,  there  is  a  perforation  or  canid 
in  the  brafs  piece  D  to  the  fore  part  K,  where  a  fcrew  is  fixed 
to  let  in  air  occafionally:  from  the  above-mentioned  canal 
there  is  a  perforation  at  right  angles  to  the  former,  going  to  the 
center  of  the  bafis  of  each  iMirrel ;  at  each  of  thefe  centers  a  valvq 
is  placed  opening  upwards  to  admit  the  air  into  the  barrels ; 
there  is  a  pifton,  fo  fitted  to  each  barrel,  that  the  air  cannot  pafs 
between  it  and  the  fides  of  the  barrel;  to  each  pifton  there  is  A 
valve  opening  upwards,  that  the  air  in  the  lower  part  of  the 
barrel  may  efcape  through  them  into  the  common  air ;  they  are 
alfo  connefted  to  a  rack,  and  are  raifed  or  depreCTed  by  a  handle^ 
the  lower  part  of  which  is  fixed  to  the  axis  of  a  cog  wheel, 
whofe  teetn  take  into  the  rack ;  one  pi  (Ion  is  raifed,  and  the  other 
deprefled,  by  the  fame  turn  of  the  handle. 

Two  barrels  are  advantageous,  not  only  as  performing  the. 
work  quicker,  but  alfo  becaufe  the  weight  of  the  atmofphere, 
preffing  upon  the  rifing  pifton,  is  counter>ballanced  by  the  fame 
weight  prefling  upon  the  other  pifton  defcending. 

1  have  (hewn  you  in  the  LcHurcs  on  Ait,  that  the  operation 
of  air  depends  on  the  elafiicity  thereof.  When  cither  of  the 
piftoDS  is  drawn  upwards,  a  vacuum  is  left  behind  it,  and  the 

M  m  3  prcflfure 
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preffu re  being  thus  removed  from  the  valve  in  the  bottom  of 
the  barrels,  this  vaivc  will  be  opened  by  the  eladicity  of  the 
•air  in  the  receiver,  and  the  air,  ru(hing  through  it,  will  be  uni- 
formly diffuled  through  the  receiver,  the  canal  conneding  thk 
i#ith  the  lower  valve  and  through  the  barrel.  But  upon  de- 
prefllng  the  pifton,  the  valve  at  the  botiom  of  the  barrel  will  be 
clofed,  and  the  air  therein  being  condenfed,  will  open  the 
valve  in  the  pifton  and  efcape ;  thus  the  air  contained  in  the 
barrel  is  difcharged,  and,  by  every  turn  of  the  winch,  a  quan- 
tity of  air  equal  to  the  contents  of  the  barrel,  and  equally  denfe 
with  t\  dt  in  the  receivers,  is  exhaufted 

Behind  the  large  receiver  LM  ih'^re  is  a  fmall  plate  for 
fuftaining  a  frndll  receiver  PO;  from  the  hole  at  the  center  of 
this  p'ate  there  is  a  canal  communicating  with  that  which  goes 
from  the  large  receiver  to  the  barrels;  under  the  receiver  is  a 
fmall  bottle  containing  mercury,  a  fmall  tube  filled  with  mer- 
cury, and  freed  from  air,  and  inverted  with  the  open  end  in 
the  mercury :  this  is  called  i\\tJhort  baromettr-gage.  As  the  air 
i$  takeh  out  of  the  receiver  P  O,  at  t.ic  fame  lime  as  it  \s  taken 
from  thr  larger  one  L  M,  the  defcent  of  the  mercury  in  the  tube 
will  point  out  the  degree  of  rarifaftion  in  the  receivers;  the 
mercury  does  not  begin  to  dt* Iccnd  in  this  tube  till  near  three- 
fourths  of  the  air  have  been  extra^ed;  and  the  air  isfaid  tobe  a$ 
many  times  rarer  than  the  atmofphereas  the  column  of  mercuiy, 
fuflained  in  this  tube,  is  lefs  than  the  height ;  the  mercury  fUnds 
at  that  time  in  a  common  barometer. 

Fig.  3,  plate  j,  is  a  fmall  pump  with  a  fingle  barrel,  and 
two  plates,  one  for  receivers,  the  other  for  a  (hort  barooietci^ 
gage.  This  pump  afts  upoT\  the  fame  principle  as  the  one  laft 
deicribed,  and  is  con{lru6led  in  the  fame  manner,  excepting  that 
it  has  only  one  barrel,  and  that  the  pilton  is  moved  merely  by 
the  hand  ;  a  dcfcription  thereof  mull  be  fuperfluous. 

Fig.  16,  plate  1,  reprefents  a  plate  with  a  box,  containing! 
collar  of  leathers,  and  a  wire  adapted  to  Aide  through  this 
collar. 

1  have  (hewn,  p.  121,  that  when  accuracy  is  required,  the 
receiver  (hould  not  be  placed  upon  leather,  either  oiled  or 
foaked  in  water.  I  would  here  add,  that  in  all  cafes  it  is  better 
to  rub  the  edge  of  the  receiver  with  a  tallow  candle,  letting  the 
tallow  he  nearly  as  thick  as  a  fhilling  thereon.  I  think,  that 
upon  the  whole,  this  method  is  lefs  dirty  and  difagrecable  than 
that  of  ufing  oiled  leathers;  for  it  is  eafy,  on  removing  the  re- 
ceivers, to  place  ihcm  on  a  fhect  of  paper  till  they  have  been 
cleared. 

With  refpeft  to  the  leathers  ufed  to  accommodate  the  re- 
ceivers to  the  plate  of  the  pump,  and  m^kc  the  junftion  air- 
tight, they  aic  either  foaked  m  water  or  oil,  or  in  a  mtxtuic  of 
bees  wax  and  hog's  laid.     Either  foaked  leathers  or  tallow  are 
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to  be  placed  wherever  a  plate  is  fitted  on  a  receiver,  or  in  any 
cafe  where  two  pieces  are  to  be  joined  together  and  rendered  ^ 
aiir-tight. 

Experiments   to  shew  the    expansive  Power  ot 
Elasticity  of  the  Air. 

Take  a  bladder  and  prefs  the  air  out  of  it,  then  tic  the  neck 
clofe,  and  fufpend  the  bladder  under  a  receiver,  place  the  re-, 
ceiveron  the  plate  of  the  pump,  exhauft  it,  and  the  bladdei^ 
"%vill  be  expanded  and  blown  up  by  the  fpring  of  the  fmall  refl- 
duum  of  air:  on  admitting  the  air,  the  bladder  will  (brink  into  it's 
former  (hape.  A'  bladder  thus  expanded,  after  the  air  is  with- 
drawn, is  reprcfentedfig.  10,  plate  1. 

Two  experiments  are  generally  made  with  the  apparatus 
called  a  bolt-head  and  jar,  fig.  18,  plate  1 ;  it  confills  of  a  glafs 
ball  A,  of  about  an  inch  diameter,  with  a  ftcm  from  3  to  4 
or  5  inches  in  length,  and  a  fmall  bottle  or  jar  B,  filled  about 
two  thirds  with  water. 

Place  this  apparatus  on  the  pump,  and  cover  it  with  a 
receiver,  exhauft  the  air,  and  the  prcuure  thereof  will  be  re- 
moved from  the  furface  of  the  water  in  the  bottle ;  and  the  air  iii 
the  bolt-head,  having  nothing  to  countcraft  it's  exertions,  ex- 
pands and  cfcapcs  through  the  water  in  the  form  of  large  round 
bubbles  of  air.  L<it  the  air  into  the  receiver,  and  it's  preffure 
on  the  furface  of  water  will  force  this  into  the  bolt-head,  for  as 
the  greater  part  of  the  air  was  taken  away,  the  fpring  of  the  re- 
mainder was  weakened;  it  therefore  yields  to  the  com- 
prefling  force  of  the  external  air  afting  on  thewater,  and  fufierS 
It  to  enter  till  it  is  fo  far  comprefled  as  to  be  equally  denfe  with 
the  external  air,  and  capable  of  exerting  the  fame  degree  of 
elafticiiy.  The  bulk  of  this  bubble  of  air,  compared  with  the 
bulk  of  the  bolt-head,  (hews  what  portion  of  the  whole  quan- 
tity of  air  remained  after  exhauftion. 

Fill  the  bolt-head  almoft  full  of  water,  leaving  only  a  very 
fmall  bubble  of  air ;  then  inverting  it,  immerge  the  ftem  in  the 
bottle  of  water,  and  place  the  whole  under  a  receiver :  on  ex- 
hauftion, the  fmall  bubble  of  air  will  expand  itfelf,  and  force  all 
the  water  out  of  the  bolt-head  ;  the  preffure  of  the  air  by  Which 
the  water  is  retained  in  the  bolt-head  being  removed,  the  fpring 
of  the  air  exerts  itfelf,  and  expels  all  the  water, 

We  have  another  inflance  of  the  claftic  force  of  the  air, 
and  it's  adion,  when  freed  from  incumbent  preffure,  by  the 
cxpanfion  of  the  bubble  contained  in  the  great  end  of  an  egg 
between  the  (kin  and  the  (hell ;  for  on  making  a  fmall  hole  in 
the  little  end,  and  inverting  it  in  a  glafs,  the  bubble  of  air  will 
force  out  the  contents  of  the  egg  through  the  fmall  hole  in  tho 
Jower  cnd»  ' 
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Break  off  evenly  about  one  third  part  of  the  Chell  at  cKe 
fdiall  end  of  an  egg,  and  let  out  the  white  and  yolk ;  you  will 
then  perceive  at  the  bottom,  the  bubble  of  air  that  lies  between 
the  {kin  and  the  fhell ;  fet  the  egg  on  a  fmall  glafs,  place  this 
upon  the  plate  of  the  pump,  and  a  receiver  over  both;  then 
exhauft  the  air,  and  the  air  in  the  Ihell  will  (b  expand  itfelf  as 
to  raife  up  the  (kin,  fill  the  (hell,  and  make  it  refemble  an  en- 
tire e^*  This  will  fucceed  only  when  the  egg  is  new,  for  the 
clafticity  is  deftroyed  when  the  egg  is  ftale. 

Take  a  fmall  fquare  glafs  bottle  whofe  fides  are  very  thin, 
but  whofe  mouth  is  fo  clofed  by  a  cork  covered  with  wax,  that 
no  air  from  within  can  efcape;  put  it  under  a  receiver,  and  then 
exhauft  the  air  therefrom,  and  the  fpring  of  the  air  within,  not 
being  counteradled  by  any  external  force,  will  expand  itfelf  with 
fuch  force  as  to  overcome  the  fides,  and  burft  the  ix>ttle  in  pieces. 
In  making  this  experiment,  you  ftiould  place  a  piece  ot  thick 
paper  or  leather  on  the  plate  of  the  pump,  to  prevent  it's  being 
injured,  fig.  2,  plate  3.  If  the  fame  experiment  be  made  with 
the  bottle  and  a  cage  over  it,  under  water,  the  (hock  will  be  fo 
great  as  to  (hake  the  whole  pump. 

Fig.  13,  plate  1,  reprefents  a  glafs  veffel,  over  one  end  of 
which  a  bladder  has  been  tied  ;  it  is  placed  on  the  plate  of  the 
pump  with  a  receiver  over  it ;  when  the  air  is  drawn  out  of  the 
receiver,  the  fpring  of  that  included  in  the  veflels  (Iretches  the 
bladder  fo  as  to  burft  it  in  pieces*  The  bladder  ufed  in  this  ex- 
periment (hould  be  thin. 

Plate  2,  fig.  6,  is  a  number  of  heavy  leaden  weights,  kept 
fteady  bv  means  of  a  brafs  frame  with  three  pillars  ;  they  piels 
upon  a  bladder  half  blown,  and  placed  under  them ;  thisapparatus 
is  to  be  put  on  the  pump  with  a  receiver  over  it ;  on  cxnaufting 
the  air,  the  expanfion  of  that  in  the  bladder  gradually  raifes  the 
weights  ;  on  admitting  the  air,  the  bladder  fhrinks,  and  the 
weights  defccnd  to  their  original  fituation. 

It,  Spring  of  the  Air  in  the  Pores  of  Bodies. 

lace  a  fhrivelled  apple  on  the  plate  of  the  pump,  fet  a  re- 
over  it,  and  ex  baud  the  air ;  this  will  give  liberty  to  that 
is  within  the  pores  of  the  apple  to  expand,  and  fwell  out 
n,  removing  it's  fhrivelled  appearance:  on  letting  in  the 
rcaflumcs  it's  former  ft  ate  of  decay. 
X  fome  lead  to  a  piece  of  cork,  foas  juft  to  finkit  in 

when  this  is  placed  under  an  exhaufted  receiver,  the  air 
>ores  of  the  coik  expands  fo  as  to  fwell  it,  and  thus  render 
er  than  water,  and  it  confcquently  rifes  to  the  top  and 

on  the  rc-admilTion  of  the  external  air,  the  cork  is  pref* 
vn  and  finks  again  ;  the  globules  of  air  that  (land  upon 
face  of  the  cork  afford  a  pleafing  fight,  they  appear  like 

the 


Digitized  by  CjOOQLC 


Lectures  on  Natural  Philosophy.      537 

the  peariy  dropsof  dew  on  the  piles  of  gxafs ;  they  <lifiippear  on 
letting  in  the  air. 

Put  fome  beer  or  ale  into  a  tumbler,  and  place  it  under  a 
receiver  on  the  plate  of  the  pump  ;  in  working  the  inftniment^ 
the  air  in  the  beer  will  expand  itfelf,  and  rife  up  to  the  top  of 
the  jar  in  a  large  white  head  of  froth:  this  frothy  appearance  is 
occafioned  by  the  tenacity  of  the  fluid,  which  prevents  the 
bubbles  of  air  from  efcaping  as  foon  as  they  rife;  when  the  air 
is  re-admitted,  the  air-bubbles  contra^  and  fubfide»  On  tailing 
the  beer^  you  will  find  it  has  loft  all  it's  fpirit. 

In  the  fame  manner,  if  warm  water  be  placed  ^nder  a 
receiver,  on  exhaufting  the  air  an  ebullition  will  take  place ; 
fmall  air-bubbles  will  firft  rife ;  thefe  will  foon  be  fucceeoed  by 
larger  ones,  moving  with  fuch  rapidity  as  to  agitate  the  water^ 
and  give  it  all  the  appearance  of  boiling. 

If  you  put  an  egg  into  a  tumbler  of  water  under  a  receiver^ 
on  exhauftion,  you  will  fee  the  air  in  a  very  beautiful  manner 
rife  in  fmall  jets  through  the  water  from  the  pores  of  the  egg. 
The  fame  appearances  may  be  pleaiingly  oblerved  tvith  other 
fubflances,  as  mod  vegetables,  or  a  piece  of  wood  of  any  fort^ 
when  immerfed  in  ajar  of  water  under  a  receiver. 

Fig.  8,  plate  a,  reprefents  a  fountain  that  is  made  to  mEt  by 
the  fpring  of  the  incluoed  air.  It  confifts  of  a  bottle  partly 
filled  wiUi  water,  the  upper  part  is  occupied  by  the  air  which 
cannot  efcape,  as  the  cover  is  aiMight ;  a  giafs  tube,  long  enough 
to  reach  nearly  to  the  bottom,  is  cemented  to  the  brais  cover; 
there  is  a  fmall  hole  in  the  cover  dire^lly  over  the  bore  of  the 
tube.  This  bottle  is  placed  on  the  plate  of  the  pump  with  a 
receiver  over  it.  When  the  external  preflure  is  lelTened,  the 
included  air  will  fo  prefs  on  the  furface  of  the  water  as  to 
force  it  through  the  glals  tube  and  hole  in  the  cover,  from 
whence  it  will  rife  in  a  pleafing  jet  of  water. 

Fig.  7,  plate  2,  is  another  apparatus  for  the  fame  expert* 
jnent;  but  here  the  water  is  prevented  from  falling  on  the  pump 
plate,  by  means  of  the  glafs  cover  a  b;  a  (mall  hole  is  drilled  in 
this  cover  to  permit  the  efcape  of  the  air. 

Fig.  ft,  plate  s,  is  a  fmall  apparatus  a^ing  upon  the  fame 
principles,  and  deftgned  to  illuftrate  the  fame  phenomenon; 
the  calk  is  nearly  filled  with  coloured  water,  on  the  top  of  the 
ca(k  is  a  head,  from  the  mouth  a  glafs  tube  proceeds,  pafling 
through  the  cafk,  and  terminating  a  fmall  |di (lance  from  the 
bottom;  there  is  another  tube  from  the  neck  which  proceeds 
downwards,  and  enters  a  fmall  way  into  the  barrel ;  when  this 
is  placed  under  a  receiver,  and  the  air  exhaufted,  the  fpring  of 
the  air  preflfing  on  the  water,  forces  it  up  the  tube  through  the 
mouth,  from  whence  it  defcends  by  the  other  tube  into  the 
barrel.  To  render  this  more  entertaining,  a  bladder  is  tied 
under  the  neck  with  only  a  fmall  quantity  of  air  therein;  this 
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b-covcrcd  with  a  fmall  fhirt;  when  the  prcfTure  of  the  air  is 
removed,  the  bladder  expands  and  f wells  out  the  (hirt,  which, 
to  an  ordinary  obfcrvcr,  fcems  occafioncd  by  the  liquor  drank 
by  our  Bacchus. 

Fig.  1 1,  plate  3,  is  an  apparatus  defij^ned  to  (hew  that  the 
fpring  of  the  air  ads  with  a  force  equal  to  the  pretlurc  of  the  air, 
bv  railing  a  column  of  mercury  to  the  fame  height.  A  is  a 
bottle,  nearly  filled  with  quickfilver ;  BC  a  tube  on  which  a 
fcrcw  is  cemented,  to  fcrew  into  the  top-part  of  the  bottle,  the 
lower  part  of  the  tube  defcending  nearly  to  the  bottom  thereof; 
DF£  i$  a  receiver  and  large  tube  to  ^o  over  this  apparatus, 
when  the  whole  is  placed  on  the  pump-plate.  You  will  per- 
ceive, in  proportion  as  you  cxhaufl:  the  air,  that  the  mercury 
rifes  in  the  tube  by  (he  fpring  of  the  included  dir,  till  it  attains 
the  fame  height  as  the  mercury  in  the  barometer;  thus  proving 
that  the  fpring  of  the  air  operates  with  the  fame  force  as  the 
prcffure. 

In  the  jar  under  the  receiver,  fig.  13,  plate  a,  are  reprc-» 
fented  two  hollow  gUfs  images,  with  fmall  balloons  of  glafs  over 
their  heads;  theic  are  fo  far  filled  with  water  as  to  make  them 
fink  therein;  on  exhauQing  the  air,  they  rile  to  the  top  and  fwim; 
part  of  the  balloon  is  occupied  by  air,  which  expands  on  the 
removal  of  the  external  predure,  and  drives  out  part  of  the 
water,  by  which  means  the  images  and  balloon  are  rendered 
lighter  than  the  water,  and  rife  accordingl5^;  on  re-adinittin^ 
the  air,  the  water  re- enters,  and  they  fink  as  before. 

In  the  fame  manner,  a  bladder  neatly  emptied  of  a^r,  and 
funk  by  a  fmall  weight  to  the  bottom  of  a  jar  of  water,  will, 
upon  exhauHion,  expand,  become  fpecifically  lighter,  rife  to 
the  top,  and  fwim. 

^ig.  9,  plate  3,  reprefents  what  is  ufually,  but  very  impro- 
perly, called  the  lungs-glafs.  A  bladder  is  tied  round  a  fmaH 
pipe  from  the  cover;  when  this  apparatus  is  placed  under  a 
receiver,  and  the  air  partly  withdrawn  from  the  oladder  through 
the  hole  at  a,  the  fpring  of  the  furiounding  air  in  the  bottle, 
which  cannot  efcape,  comprcfies  the  bladder;  when  the  air  it 
let  in,  the  bladder  expands ;  and  thefe  motion^  have  been  fup< 
pofed  analogous  to  thofoof  the  lungs» 

Experiments  on  the  Pressure  or  the  Air. 

Place  the  brafs  cone  on  the  plate  of  the  pump,  and  cover  it 
%vith  the  hand,  then  exhauft  the  air  from  it,  and  by  this  ipcant 
the  counterballance  being  removed  from  below,thc  air  willprcfi 
upon  the  hand  with  a  vaft  weight,  aud.a.confidcrable  part  oflho 
palm  will  be  forced  into  the  glafs,  and  ihusoccafion  a  fenfalion 
of  fucking.     Now  a&  ihc  other  part&  of  the  hand  have  a  greater 
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preflurc  on  them  than  that  part  which  is  under  the  receiver,  and 
expofed  to  the  vacuum,  the  fluids  in  the  body  will  be  driven  to- 
wards the  part  under  the  glafs,  and  caufe  this  part  to  fwell  and 
be  (Iretched  out ;  but  this  is  alio  incrcafed  by  the  elafiicity  of  the 
air  contained  in  the  flefli,  which  will  expand  and  diftend  the 
flc(h  when  the  external  preffure  is  removed. 

Place  a  receiver  on  the  plate  of  the  air-pump,  exhaud  the 
air  from  it,  and  the  receiver  will  be  fo  prefTcd  down  asainft  the 
plate  by  the  external  air,  that  it  will  be  exceedingly  difficult  to 
leparate  it  from  the  plate  of  the  pump  without  re-admitting  the 
air;  this  will  not  appear  furprizing  when  we  confider  that  the 
glais  is  preflcd  down  with  a  force  equal  to  as  many  times  fifteen 
pounds  as  there  are  fqua^e  inches  which  arc  covered  by  the 
opening  at  the  bottom  of  the  receiver. 

To  prove  that  the  receiver  is  held  down  by  the  preflurc  of 
the  air  on  it's  external  furface,  and  not  by  any  fuftion,  in  fig, 
17,  plate  I,  you  have  an  apparatus  reprelenfed,  which  is  de-i 
figned  to  prove  that  the  receivers,  &c.  are  not  confined  to  the 
pump- plate  by  fu£lion,  but  by  external  prelTure.  Toeffeftthis, 
the  air  is  firft  rxhauftcd  from  the  two  receivers,  you  then  let 
down  the  fmall  receiver  upon  the  plate,  by  means  of  the  wire 
pafling  through  a  collar  of  leathers,  when  it  will  be  loofc  and 
eafily  removed,  but  on  letting  the  air  in  rapidly  it  falls  upon  the 
fmall  receiver,  and  fixes  it  upon  the  plate. 

Fig.  14,  plate  1,  is  called  the  bladderglafs.  A  bladder  is 
tied  over  the  upper  end,  the  under  end  is  placed  on  the  plate 
of  the  pump;  by  exhau(ling  the  air,  the  fpring  of  the  internal^ 
air  is  weakened,  the  bladder,  yielding  to  the  external  preflurc, 
puts  on  a  concave  figure,  and  this  increafes  till  the  flrength  of 
the  bladder  is  overcome  by  the  incumbent  weight,  when  it 
burfls  with  a  very  great  report. 

Fig.  15,  platei,  reprcients  a  pieceofthin  flat  window  glafs, 
placed  upon  a  brafs  cone,  and  fct  on  the  plate  of  the  pump; 
on  exhaufting  the  air,  the  glais  will  be  broke  to  pieces,  like  the 
bladder  in  the  preceding  experiment. 

Fig.  2,  plate  3,  flicwj,  the  mode  of  breaking  a  thin  fquare 
glafs  bot'lc  by  the  prelfure  of  the  air;  on  the  top  of  the  bottle  is 
a  valve,  that,  when  the  air  has  been  extra Acd.  it  may  not  return  ; 
the  bottle  is  placed  on  the  plate  of  the  pump,  over  it  is  a  wire 
cage;  this  is  covered  with  a  receiver;  the  air  is  firfl  to  be  cx- 
haul^ed,  and  then  fuddeuly  admitted,  when  it*s  prefl'ure  will 
break  the  bottle,    reducing  it  inlianily  into  very  fmall  pieces. 

Fig,  20,  plate  i,  is  Otto  Guerick'shemifpheres,  one  placed 
on  the  other;  the  joint  is  rendered  air-ii^ht  by  a  wet  leather 
placed  between  them,  or  by  a  luting  of  tallow  ;  the  fcrew  A  is  to 
DC  fcrcwed  into  the  hole  at  the  center  of  the  pump-plate,  and  the 
ftop-cock  placed  as  reprcfcnted  in  the  figure,  that  there  may  be 
a  free  communication  between  the  hemiiphcrcs  and  the  barrels  of 
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tlie  inftrumcnts ;  exhaud  the  hemiTpheres ;  then  turn  tfie- 
cock  to  (hut  out  the  communication  with  the  open  air ;  when  it 
is  taken  ofF,  unfcrcw  it  from  the  pumfi,  and  you  will  find  the 
liemif^heres  arc  prefled  together  with  a  very  extraordinary 
force,  a  force  equal  to  151b.  for  every  fquare  inch:  this  of 
courie  is  more  or  lefs  according  to  their  diameter.  To  invedi* 
gate  this  by  experiment,  you  may  make  ufe  of  a  (Irong  ftecl* 
yard,  fee  fig.  19,  plate  i.  It  is  ufual  to  ftate  the  prelTure  at  151b. 
for  a  fquarc  inch.  If  the  diameter  be  four  inches,  the  area  is 
i«.55  <quare  inches,  which  muhipiied  by  15,  gives  about  188 lb. 

The  exhauded  hemifpheres  will  fall  afunder  of  theoifelvcs 
in  vacuo. 

Fig.  9,  plate  I,  is  a  foHd  fyringe,  that  ts,  one  which  has  no 
hole  tit  bottom  ;  a  heavy  Uaden  weight  is  fixed  to  the  bottom 
of  <he  fyrtnge;  if  the  weight  be  drawn  down  in  the  open  air, 
it  will  be  forcibly  driv«  n  back  by  the  upward  preCTure  of  the 
,afr;  but  in  vacuo,  where  this  prefFure  is  removed,  it  will  dc« 
fcend.  The  handle  of  the  pidon  is  to  be  fufpended  frocB  the 
hook  belonging  to  the  plate  with  a  collar  of  leathers. 

Fig.  22,  plate  1,  reprefents  the  apparatus  defigned  to  (hew^ 
that  water  rites  in  pumps  by  the  preuure  of  the  air.  The  part 
A  B,  is  the  model  of  the  working  part  of  a  commQn  pump ;  at 
the  lower  part  of  this  is  a  brafs  plate  to  refl  upon  the  receiver 
C  D  ;  from  the  center  of  this  plate  there  is  a  glafs  tube  which 
defcends  into  the  jar  of  water  when  the  model  is  worked  ;  be- 
fore the  air  is  exhaufled  the  water  flows  freely  from  the  fpout^ 
but  when  tht  air  is  well  cxtra£led  none  can  be  obtained  thereby* 

Fig.  21,  plate  i,defigns  of  the  common  and  forcing-pump. 

Fig.  12,  plate  2,  reprefents  what  is  called  a  transferer  \  it 
is  fixed  to  the  pump-pUte  by  means  of  the  fcrew  B.  A  rtj- 
ceiver  is  placed  on  the  plate  of  the  transferer,  and  may  be  cx- 
hauQed,by  turning  the  cock  C,  fo  as  to  open  the  communication 
between  it  and  the  pump;  when  exhauitcd,  it  may  be  removed 
from  the  pump  by  turning  the  cock  at  right  angles  to  it's  for- 
mer fituation,  to  prevent  any  communication  with  the  opea 
air  when  it  is  removed.  To  make,  with  this  apparatus, 
an  artificial  fountain  in  vacuo  by  the  prcilure  of  the  atr  ;  place 
a  tall  receive^-  on  the  transferer,  exhaud  it,  and  remove  the 
Jransfcrer  from  the  pump,  farew  the  pipe  to  the  lower  part  of 
the  transferer,  im merge  th  s  pipe  in  water,  turn  the  cock,  and 
the  preffure  of  the  air  will  throw  the  water  up  into  the  receiver 
in  the  form  of  a  fountain. 

To  prove  that  the  mercury  in  the  barometer  is  fudaioed, 
ufe  the  apparatus  fig.  11,  pi.  3,  already  dcfcribcd;  with  this 
difference,  that  the  imaller  tube  that  enters  into  the  bottle  was 
open  at  top  in  the  former  cafe  ;  but  in  this  it  is  hermetically 
fealcd  ;  there  tlic  tube  was  empty,  here  it  is  a  barometer  con- 
taming^?  he  merpury  Padding  in  it  at  the  proper  height  for  the  time; 

th« 
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the  lower  end  of  the  tube  being  imroerged  in  the  mercury  in 
tKo  bottle,  place  the  apparatus  on  the  pump ;  o»  exhauftin^  the 
air,  the  mercury  will  gradually  defccnd  till  it  is  on  a  Icvei  wi(h 
%he  mercury  ii>  the  bafon  ;  for  as  the  denfky  o^  the  air  dimimlhes, 
the  elailicity  decreafes,  and  confec^uently  the  force  which  Cup* 
ported  the  mercury  decresifes.  Qn  readmitting  the  air,  tho 
Kievcury  rifes  to  it's  former  height. 

Fig.  t  iy  pi.  3,  reprefents  what  is  called  the  dcuMe  trat;is&fcr« 
Tliis  has  been  fufficiently  defcribed  in  page  15*  Screw  the  end 
of  tlie  pipe  of  the  double  transfereis  into  the  hole  of  the  pump- 
plate,  and  turn  the  three  cocks,  that  the  communication  n^y 
»e  opened  between  all  the  three  pipes,  £,  F,  I>  D,  and  the  trunk  ; 
<x>ver  the  plates  with  leathers  which  have  holes  at  their  centers, 
place  acloTe  receiver  upon  one  plate,  then  (hut  thecommuntca- 
M>r>  between  the  pipe  F,  by  turniiig  the  cock,  and  exhaufi:  rhtt  . 
seceiver  ;  then  turn  the  cock  d  to  ihut  out  the  commiimcation 
^th  the  air,  and  unicrew  the  apparatus  from  the  pump,  and 
fcrew  it  on  it's  wooden  foot;  then  put  a  receiver  upon  the  other 
plate,  this  receiver  will  contimie  loofe  on  the  plate  as  long  aa 
St  keeps  full  of  air,  which  it  will  do  until  the  cock  be  turned 
again  to  open  the  communication  between  the  pipes  and  through 
the  tube;  and  then  the  air  in  the  receiver  havmg  nothing  toa£k 
againft  it's  fpring,  will  flow  until  it  is  fo  divided  between  the 
veceivers  as  to  beconoe  of  equal  denftty  in  both,  and  they  will  be 
held  down  with  equal  forces  to  their  plates  by  the  incumbent 
preflTure  of  the  atmofphere  ;  though  each  receiver  will  be  kept 
down  with  only  half  the  force  that  preffcd  upon  the  fird,  whe« 
it  was  exhaufted  of  air,  becaufe  it  has  now  one  half  the  common 
air  which  Elled   the  other  receiver,  when  it  was  fet  upon  the 
plate ;  and  therefore  a  force  equal  to  half  the  force  of  the  fpring 
of  the  common  air,  will  aft  within  the  receivers  againft  th% 
ivhole  predure  of  the  atmofphere  on  the  outlide. 

MisctLLAHEous  Experiments. 

Seta  clean  receiver  upon  the  plate  of  theoump,  and  begia 
to  exhauft  it ;  then  hold  a  candle  to  the  fide  of  the  receiver  op- 
pofite  to  your  eye,  feveral  colours  like  a  halo  will  appear  about 
the  candle;  thefe  colours  are  perceived  at  the  beginning  of  the 
cxhauftion  ;  the  appearance  is  occafioned  by  the  vapour  which 
rifes  from  the  wet  leathers,  and  the  reflation  of  the  lioht  throuffK 
thefe  vapours. 

Fig.  5,  pi;  3,  reprcfents  the  pipe  for  I 
on  the  top  of  an  open  receiver,  and  exhai 
then  place  the  end  of  the  pipe  in  the  midd 
and  open  the  cock  ;  the  deleterious  air  fr 
then  pafs  through  the  pipe  into  the  receive 
from  the  receiver,  and  let  a  fmall  piece  of 
it,  which  will  immediately  go  Out. 
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Place  a  candle  lighted  under  a  tall  receiver  ;  on  exhau  fling 
the  air,  the  candle  will  go  out,  and  the  flame  will  afcend  to  the 
receiver* 

The  flame  would  be  foon  extinguilhed  in  a  clofc  receiver, 
though  the  air  is  not  cxhauded. 

The  fmall  apparatus,  fig.  6,  pi.  3,  is  to  be  pUccd  on  the  top 
of  a  tall  receiver,  and  a  red-hot  iron  laid  on  a  (land  upon  this 
pump  plate;  exhaufl  the  air,  and  then  let  fall  a  few  grains  of 
gunpowder  on  the  iron,  where  it  will  melt  and  diflfoivc,  but  not 
flafh  and  explode  :  the  receiver  (hould  be  again  cxhauflcd  before 
any  more  grains  of  powder  are  let  down, 

A  B,  fig •99  pi.  2,  is  a  ballancc,  to  one  end  of  which  is  fof- 
pended  a  piece  of  lead  which  is  in  ecjuilibrio  with  a  piece  of  cork 
at  the  other  end  of  tiie  beam.  Place  the  beam  and  Ratid  under 
a  receiver,  and  having  exhaufled  the  air,  the  cork  will  prepon- 
derate; for  as  it's  bulk  h  greater  than  that  of  the  piece  of  lead^ 
it  mufl  be  more  fuilained  by  the  air  :  re»adm4t  the  air,  and  the 
equilibrium  is  reflored. 

For  as  bodies  which  are  immergcd  in  fluids  arc  known  to 
lofe  a  part  of  their  weight,  equal  to  the  weight  of  a  quantity  of 
the  fluid  of  the  fame  bulk  with  the  immergcd  body,  confequent- 
ly  bodies  of  different  fpcci  fie  gravities,  which  are  m  cquiljbrio 
in  air,  will  not  be  fo  in  vacuo  ;  for  here  they  will  gain  that 
weight  which  they  loft  in  air,  and  the  body  of  the  greatefl  bulk 
will  gain  the  mofl. 

Fig.  10,  pl«  2,  is  a  more  elegant  apparatus  for  the  fame 
purpofe. 

Fig,  10,  pi.  3,  reprefents  the  guinea  and  feather  appa« 
ratus. 

When  the  air  is  exhaufled  from  the  receiver,  turn  the  milled 
rut,  and  the  piece  of  gold,  and  the  feather  which  lay  upon  the^ 
piece  underneath,  will  fall  at  the  fame  inflanl,  and  dciccnd  inth* 
fame  time  to  the  bottom. 

The  eye  of  the  obficrver  fhould  be  fixed  to  the  bottom  of 
Tr,  to   afcertain  accurately  the  coincidence  of  dcfccnt 

0  bod'es. 

n  this  experiment  it  is  inferred,  that  bodies  are  attrafted 
he  earth  with  forces  which  are  in  proportion  to  the 
of  matter  they  contain,  but  not  to  their  bulk  ;  for  if  we 

1  guinea  to  contain  1000  times  more  matter  than  the 
it  will  require  1000  times  more  force  than  the  feather 
t  through  the  fame  fpace  in  the  fame  time, 

two  or  three  fmall  pieces  of  phofphorus  in  an  equal 
quantity  of  a  mixture  of  oil  of  vitriol,  oil  of  tartar 

uium,  and  oil  of  cloves  ;  this  inixture  will  flame  in  the 
but  is  eafily  put  out  with  a  liltlc  water  :  it  fliinc^boilf, 

:s  in  vacuo. 

Write 
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Write  upon  paper  with  folid  phofphorus,  and  then  lay  it  on 
tVic  plate  of  the  pump  with  another  piece  of  paper  under  ir, 
place  a  receiver  over  thefe  and  exhauft  the  air,  the  phofphorua 
will  gradually  brighten  in  a  dark  loom,  and  throw  up  a  iucid 
cloud  to  the  lop  of  the  receiver* 

Fig.  15,  pi.  2,  is  a  common  bell  apparatus  for  (hewing  that 
air  is  a  medium  of  found.  Fig.  16,  a  more  elegant  apparatus  for 
the  fame  pu»pofe,  as  it  is  fct  in  aftlon  only  by  pulling  up  the 
wire  that  palTes  through  the  collar  of  leathers. 

PI.  4,  fig,  11,  illuftratcs  the  nature  of  echoes.  Sec 
page    178. 

Fig.  5,  6,  7,  8,  9,  10,  plate  4,  are  dcfigncd  to  illuftrate  the 
tnotion  of  mufical  firings.     Sec  page  181. 

F.  14,  pi.  4,  rcpiclciils  a  fj^phon.  Fig.  20,  pi.  3,  Tantalus's 
cup.      Sec  page  94,  95*         , 

Fig.  2,  pi.  4,  is  to  explain  the  caufe  of  intermitting  fprings. 
Sec  page  96,  Fig,  4,  pi.  4,  an  apparatus  for  the  fame  pai'pui.^ 
Sec  page  97. 

Fig.  I,  pi.  4j  a  bent  tube  to  illuftrate  the  laws  of  the  air's 
claflicity,     oee  page  5 1 . 

Fig.  3,  pi.  4,  for  experiments  on  the  rarifaftion  of  the  «ir 
by  heat.     See  page  66  and  67. 

Fj(^.  8,  pi.  3,  reprcfenis   the  apparatus  for  weighing  air. 
It  confifls  of  a  (Irong  copper  veffel   B,  a  beam  A,  C,  and    a 
Hand  for  the  beam.     "'         1       ---       -. 
D,  then  fcrew  that  ci 
work  the  pump  till ) 
you  may  ihen  unfere 
to  the  beam.  Thedil 
and  before  it  was  cxl 
tains.     The  air  cann 
pump-plate,  bccaufc 

vacuo. 

Fig.  21,  pi.  3,  r 
dcr  or  liquid  into  a  \ 

Fig.  22,  pi.  3, 
vacuo. 

The  nature  and 
eafily  conceived  fro 
fcription  unneccflap 

Fig.  14, pi.  2,  is 
receiver,  in  order  to  1 
the  under  or.f^  is  to  I 
the  air  by  rulliint;  01 
and  fuddenlv  tarTict 
portion  to  the  ttiilci 
ccivers. 
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Condensing  Machine. 

Fig.  1,  pi.  2,  reprefents  a  condenling  machine,  or  inflrumeiit 
te  comprefs  the  air.    A  B  is  a  ftrong  gUfs  receiver,  fie  to  re- 
ceive and  bear  the  prefTure  of  the  air  when  confiderably  coa- 
denfed.    C  D  is  the  fyringe  by  which  the  air  is  thrown  into  the 
receiver :   to  work  this  you  pull  up  the  piflon  above  the  hole, 
which  admits  the  air  to  enter  and  fill  the  barrel  of  the  fyringe ; 
the  pifton  being  prefled  down,  forces  the  air  through  a  valve 
at  the  bottom  of  the  barrel,  from  whence  it  pailcs  up  the  tube  into 
the  receiver,  but  cannot  return  on  account  of  a  valve  at  the  bot- 
tom of  the  barrel.     £  is  the  gage,  which  confifts  of  a  glals  tube 
open  towards  the  tube  FG,  but  hermetically  fealed  at  the   other 
end.     A  fmall  quantity  of  quick filver  is  left  in  this  tube,  which 
is  prefTed  towards  the  fealed  end  on  every  admiflion  of  air^ 
ana  therefore  determines  by  the  proportion  between  it's  original 
diflance  from  F,  and  the  diflance  when  in   a  ftate  of  com- 
preffion,  the  proportional  denfity  of  the  included  air  to  that  of 
common  air ;  for  as  the  air  preffes  the  quickfilver  forwards,  it 
(hews  the  refinance  of  the  included  air,  whofe  denfity  is  always 
inverfely  as  the  fpace  it  occupies ;  the  receiver  is  confined  down 
to  the  plate  by  the  tranfverfe  piece  G  H,  which  is  maintained  in 
it's  fituation  by  the  fcrews  I  K  L  M  ;  is  a  thick  brafii  plate  to 
cover  the  top  of  the  receiver ;  it  is  fiimiflied  with  a  wire  paifing 
through  a  collar  of  leathers.     Acage  is  fometimes  placed  over 
the  receiver  to  prevent  any  accident,  if  the  glafs  (hould  be  burnt 
by  the  receiver. 

Fig.  la,  pi.  3,  is  the  view  of  a  fountain  which  is  made  to 
a&  by  condenfed  air ;  there  is  a  pipe  which  defcends  almoil  to 
the  bottom  of  the  vefTel,  the  vefiel  is  to  be  nearly  filled  with  wa- 
ter, then  the  flop-cock  and  pipe  are  to  be  fcrewed  into  their 
place,  and  the  fyringe  fcrewed  on  the  flop-cock  ;  by  this  yoa 
charge  the  veflel  with  air:  then  turn  the  cock,  remove  the  fy- 
ringe, and  place  either  of  the  jets  thereon.  The  fountain  is  oftca 
furnifhed  With  a  bafon  to  receive  the  wafle  water. 

Fig.  19,  is  an  agreeable  jet  that  fupports  a  ball  00  the  top, 
dancing  on  the  crown  of  the  jet.  Fig.  1 5  is  a  jet  from  which 
the  water  fpouts,  fo  as  to  form  a  kind  of  fluted  column.  Fig.  1 2, 
14,  16,  are  jets  of  different  forms.  On  the  top  of  the  fountain 
is  placed  a  jet  in  the  form  of  a  crofs,  the  lower  part  (crews  to  the 
fountain,  the  upper  part  has  eight  jets,  a,  b,  c,  d,  e,  f,  g,  h« 
The  jets  a,  b,  fpout  horizontally  ;  the  jets  c,  d,  vertically  up- 
wards ;  thereby  forming  two  fquares,  one  on  eacii  fide  of  the 
upper  part  of  the  crofs,  and  meeting  each  other  in  a  point,  in 
which  point  the  vertical  jet  is  prevented  from  mounting  higher 
bythea^on  of  the  horizontal  jet,  while  this  is  alfo  prevented 
'^cc^ding  horixoQtally  by  the  a&ion  of  the  vertical  jet,  fo 

that 
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that  the  ftrcam  affumcs  a  diflfctcnt  dircfiibn,  at  firft  intermediate^ 
but  afterwards  falls  into  a  parabolic  fcurvc.  The  fame  may  be 
ftiid  of  thie  othci-  vehical  and  horizotital  jctsi  Fig.  5,  pi,  2,  foun- 
tain of  comifiaridjdfefcribedpagc  21;  fig.  4,  pi.  2,  the  anti-gugglcr, , 
dcfcribcd  pagC22.  Fig.^,pl.  2,  addiiblc  funnel;  it  is  ulually 
onade  of  tin  doubled ;  it  is  nrft  to  be  filled  to  the  brim  with  wa- 
ter, flopping  tbe  end  of  the  pipe  with  the  finger ;  the  fluid  rifet 
at  the  fame  time  into  the  vatancy  or  hollow  between  the  plates ; 
the  air  included  in  the  vacancy  pafling  through  a  hole  which  ia 
generally  concealed  under  the  handle,  this  mud  be  (lopped 
when  the  machine  is  fuUj  2knd  continued  fo  till  you.  think  fit  to 
Idiffolve  the  charm,  and  fetthc  water  confined  therein  at  liberty 
by  removing  the  fingef. 

Fig.  21,  pi.  1,  reprcfents,  models  <Jf  the  common  houfeand 
forcing  pumps :  thefe  arc  fufiiciently  defcribed  page  90.  Fig.  i 
and  ii,  pi.  5,  Mr.  Smcaton's  pyrometer^  fully  ddcribed  pag« 
a29,   ^c.       . 

Fig.  3,  pi*  5>  t^c  ^cv-  Mr-  Wm.  Jones's  pyroftatical  in^ 
ftruinent,to  (hew  the  force  of  exoanfion ;  A,  is  a  bar  of  brafsbr 
iron  placed  vertically  between  the  tops  of  the  frame  d,  d,  d,  d, 
and  the  ttiorter  arm  of  the  lever  L  5  the  reft  of  the  inftrument  is  a 
compound  Ileelyard ;  a  fmall  weight  at  Y,  cbuntcrafting  a  con- 
iiderable  fbrce  at  X^  the  motion  of  the  fhorter  arm  is  rendered 
.  "^ery  fenfiblc  by  the  deal  rod.  Fig.  B,  a  box  to  heat  the  bat 
A  to  boiling  water.  Fig*  5,  a  circular  heater  and  ftand  for  expe- 
rinicnts  in  vacuo.  Fig.  E,  in  iron.hcatet-.  Fig.  C,  a  veflcl  for 
weighing  the  force  oif  fro  ft.  Fig.  D,  an  occafranal  Ifevcr  whVrl 
the  vcffcl  is  ufed. 

Fig.  4,  pi.  5,  a  thermometer. 

^h'  5>  P^-  5>  *"  colipilc  placed  on  a  fmall  carriage;  S^ 
page  292. 

tig.  6,  pi.  5,  reprcfents  Papin's  digefter.  A,  B,  C,  D,  thtt 
copper  vcffel ;  A  B,  the  cover  faftened  dolvn  by  the  fci-ews ;  at 
jE  is  the  conical  valve,  which  is  kept  down  by  th^  fteeiyard^ 
G,  H,  and  it*s  moveable  weight.     See  page  290. 

Fig.  7,  pL  5,  is  a  fmall  inftrument  for  illuftrating  the  nature 
oT  evaporation  and  ebullition.  See  page  314.  Sec  page  316  for 
an  account  of  this  inftrument.  Fig.  9,  pi.  5,  the  fame  mounted 
in  a  diff«?rcnt  mariner. 

Fig.  8,  pi.  5,  the  mode  of  mounting  large  burning  lehfct.    Sc# 
page  393.  f       .  ^ 

In  plate  4,  Mr,  J-avoifier'sf^fonW^^r  isreprcfented  in  pcr- 
tjpeftiveat  fig.  12.  It'sinteriorftfUiQiureis  feetlfi^.  i3andi4,th« 
former  being  a  vertical,  the  l^tter^n  horizontal  fcftion.  f,  f,  f,  f,  fig4 
i*3,  the  interior  cavity,. into  which  the  fubftanecsarc  put.  b,  b, 
b,  b,  fig.  J 3  and  Mi.thc  middle  cavity  to  contain  the  icd 
\vhichis  to  be  melted  *;  this  ii  fuppoiied  by  ihe  grate  m,  :m^> 
under  which  is  placed  the  fieve  n.  n.  Thefe  two  are  fcen  fe- 
pibtely  at  fig.  1^  and  16.  In  prooortion  ai  the  ice  is  melted. 
Vol.  I.  V  ,  ^^  ^        ^j^; 
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the  water  runs  into  the  conical  funnel  c^c^d,  fig.  13  ;  this  walef 
nay  be  retained  or  let  out  at  pleafure  by  the  (lop-cock  u^  y. 
The;  external  cavity  a,  3,3,3,  fig.  14  and  15,  is  filled  with  ice  to 
prevent  any  effe6l  from  external  heat  on  the  ic^  in  the  cavity 
b,  b,  b,  b.  Fig.  1 7,  the  lid  tci  cover  the  machine.  The  fubftaiiccs 
to  be  operated  on  are  placed  in  the  thin  iron  bucket,  JGlg.  1 8,  the 
cover  of  which  has  an  opening  fitted  with  a  cork,  into  which  a, 
fmall  thermometer  is  fixed.  When  acids  are  ufed,  they  axe  put 
into  a  glafs  veflel,  as  fig.  19,  which  has  alfo  a  thermometer  fitted 
to  it's  neck.  Fig.  21  is  the  interior  cavity«  Fig.  2t,  the  Ud 
to  ditto.  Sec  page  253. 

Apparatus  for  Elastic  Fluids. 

The  tub  or  trough,  fig.  1,  pi.  6,  is  fuScient  for  every  ope- 
ration that  can  be  performed  with  water ;  at  the  end  A  B  of  the 
tub  is  a  (helf.  The  receivers,  jars,  &c.  are  to  be  filled  firft  with 
water  in  the  deep  part ;  and  then  being  turned  with  their  mouths 
downwards,  are  to  be  placed  upon  the  (helf.  The  water  in  the 
tub  is  always  to  be  about  half  an  inch  or  more  above  the  {helf. 
A  is  a  fmall  phial,  into  the  neck  of  which  is  fitted  a  bent  tube  ; 
the  end  of  the  tube  that  fits  the  bottle  is  ground  fo  as  to  be  « 
complete  ftopple ;  the  elaftic  fluid  generated  by  any  procels  io 
the  phial,  paffes  through  the  tube,  and  rifing  ijp  into  the  jar, 
drives  out  the  water;  by  this  means  you  fill  ajar  with  fuch  a 
quantity  of  air  as  will  be  convenient  for  your  experiments. 

Fig.  3,  pL  6,  reprefents  a  marble  trough  for  operating  witl^ 
mercury.  Fig.  4,  is  a  fe^ion  of  the  trough,  with  a  receiver 
flanding  in  it's  place,  f,  f,  f,  meafures  which. haye  a  known 
proportion  to  each  other ;  g»  g)  gy  are  graduated  tubes  for  eudio- 
metrical  experiments. 

Dr.  Priefllcy  fays,  the  moft  accurate  manner  of  procuring 
air  from  many  fubdances  by  heat,  is  to  put  them,  if  they  will  bear 
Sials  as  a,  a,  a,  full  of  quickfilver,  with  their 
I  in  the  fame  fluid,  and  then  throw  the  fociuof 
r  upon  them  :  for  this  purpofe,  the  bottoms 
that  they  may  not  be  liable  to  break  on  a  fuddeo 
at. 

,  a  common  glafs  phial,  with  a  ground  ftopple 
Ics  in  it.  This  is  ufeful  for  conveying  any  fluid 
in  it  through  water  into  a  jar,  flanding  with  it's 
in  it,  without  admitting  any  mixture  of  com- 

[lial  fufficient  for  any  purpofe  that  does  not  re- 
than  tht  flame  of  a  candle.  If  it  is  to  be  put 
laced  on  the  fire,  the  tube  in  which  the  ground 
:s  mud  be  longer,  as  at  e.  *  A  long  phial^  ufeful 
es,  is  feen  at  d. 

Fij. 
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Tig.  6,  plate  6,  a  ufeful  apparatus  for  making  a  <]|uantity  • 
ff^F  air  pafs  through  a  body  of  water,  or  any  kind  of  fluid ;  the 
sur  enters  by  the  tube  which  goes  to  the  bottom  of  the  velTel^ 
aad  js  delivered  by  that  which  is  only  inferted  at  top..  Dr. 
Priefiley  fays',  he  has  frequently  had  occafion  to  ufe  a  number 
of  thefe  veifels  at  the  fame  time,  that  the  fame  air  may  pafa 
^Ixrough  them  all  in  fucceflion.    See  fig.  7,  plate  6. 

Fig.  8,  plate  6,  is  Mr.  Woulfe's  apparatus  for  diftilling. 
nitre,  confiding  of  a  retort  4,  an  adopter  ^,  a  receiver  c  with  two 
on&ces,  one  d  for  the  difcharge  of  the  diftilled  acid,  the  other 
<  as  an  outlet  for  the  fuperabundant  vapour. 

Fig.  9,  plate  6,  a  tin  veflel,  inclonng  another  of  iron  wire  ; 
the  outer  vefFel  is  £or  a  charcoal  fire,  furrounding  the  inner  one, 
^v^htch  being  open  at  bottom  will  admit  the  upper  part  of  a  glafs 
Jar,  which  may  be  heated  equally  as  much  as  the  glafs  will  bear, 
"^^ithout  giving  more  heat  than  is  neceifary  to  the  lower. 

Fig.  10,  plate  6,  a  convenient  wboden  frame  to  fupport 
feveral  glafs  tubes  in  a  bafon  of  water  or  quick filver. 

Fig.  5,  plate  6)  the  apparatus  for  impregnating  water,  do- 
fcrlbed  page  481. 

Fig.  It,  plate  6,  an  apparatus  for  inveflieatin^  the  force  of 
fteam ;  it  is  defcribed  in  the  next  volume.  In  the  onginal  arrange- 
ment of  thefe  Leftures,  I  deQgn^d  that  thofe  on  water  (hould 
have  made  part  of  this  volume;  but  from  the  augmentation 
they  occafionally  received,  I  found  it  neceOTary  to  alter  this 
part  of  my  plan. 

Fig.  12,  plate  6,  reprefents  an  aoparatus  for  determining 
^he  abfolute  gravity  of  the  different  gaffes. 

Fig*  >^t  plate  6,  is  a  large  balloon,  capable  of  holding  17 
or  18  pints,  or  about  half  a  cubical  foot,  liaving  the  brafs  cap 
bcde  flrongly  cemented  to  it's  neck,  and  to  which  the  tube  and 
ilop-cock  f  g  is  fixed  by  a  tight  fcrew.  This  apparatus  is  con- 
neded  by  a  double  fcrew  to  the  jar  BCD,  which  mud  be  fome 
pints  larger  in  dimenfions  than  the  balloon.  This  jar  is  open  at 
top,  and  is  furnifhed  with  the  brafs  cap  h  i,  and  flop-cock  Im. 

I  determine  the  exad  capacity  of  the  balloon  oy  filling  it 
with  water,  and  weighing  it  both  full  and  empty.  When 
emptied  of  water,  dry  it  with  a  cloth  introduced  through  it's 
neck  d  e  ;  the  lafl  remains  of  moiflure  are  to  be  removed  by  ex- 
liaufting  it  once  or  twice  by  an  air-pump. 

When  the  weight  of  any  gas  is  to  oe  afcertained,  this  appa* 
ratus  is  to  ||)e  ufed  as  follows  :  fix  the  balloon  A  to  the  plate  of 
an  air-pump  by  means  of  the  fcrew  of  the  flop>cock  f  g,  which 
is  left  open ;  the  balloon  is  to  be  exhaufled  as  completely  as 
poffible,  obferving  carefully  the  degree  of  exhauftion  oy  means 
of  the  barometer  attached  to  the  air-pump.  When  the  va- 
cuum is  formed,  the  flop-cock  f  g  is  fhut,  and  the  weight  of  the 
balloon  determined  with  the  moft  fcrupulou9  exaditude.    It  i« 
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then  fixed  to  the  jar  BCD,  whith  we  fuppoTe  pUced  in  walef 
ift  the  flielf  of  the  pncumato-chcmical  apparatus;  the  jar  is  to 
be  filled  with  the  gas  you  mean  to  weigh,  and  then  by  opening 
the    flop-cocks  f  g,  and  I  it),  the  gas  afcends  into  the    balloon^ 
"whilft  the  water  of  the  ciflern  rifcs  at  the  fame- time  into  the 
jar.     To  avoid  very  troublefomecorredions,  it  is  neceflfary,  dur- 
ing this  firft  part  of  the«peration,  to  fink  the  jar  in  the  ciftcrn 
tttl  the  furfaces  of  the  water  within  the  jar  and  without  cx- 
a6lly  correfpondi     The  flop-cocks  are  again  (but,  and  the  bal- 
loon being  unfcrewcd  from  it*«  connexion  with  the  jar,  is  to  be 
carefully  weighed ;  the  difference  between  th's  weight  and  that 
of  the  cxhauflcd  balloon,  is  the  prccife  weight  of  the  air,  or  ga<, 
contained  in  thd  balloon.     Multiply  this  weight  by  1728,  the 
rfUrabcir  of  cubical  inches  in  a  cubical  foot,  and  divide  the  pro- 
du6l  by  the  number  of  cubical  itiches  contained  in  the  balloon; 
the  quotient  is  the  weight  of  i  cubical  foot  of  the  gas,  or  air, 
filbmitted  to  eic  peri  men  t; 

\       An  exaft  account  mufl  be  kept  of  the  barometrical  height 
and  temperature  of  the  thdrmometcr  during  the  experiment;  a 
cubical  foot  is  eafily  corref^cd  to  the  flandard.     The  fnial]  por- 
tion of  air  remaining  in  the  balloon,  aftcf  forming  the  vacuum, 
mufl  likcwife  be  attended  to,  which  is  caffly  determined  by  the 
barometer  attached  To  the  air-pump.     If  that  barometer,  for  in- 
fiance,  remains  at  the  hundredth  part  of  the  height  it  flood  at 
btfore  the  vacuum  was  formed,  we  conclude  that  one  hun- 
dredth part  of  the  air,  originally  contained,  remained  in   the 
bulloon,  and  confcquently  that  only  ^jS^  of  gas  was  introduced 
iiom  the  jar  into  the  balloon* 
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